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Xy  main  purpose  for  undertaking  this  study  was  to  learn 
all  1  could  in  microbiology  that  would  be  beneficial  to  the 
U.S.  Army.  I  was  sent  to  Graduate  School  by  the  U.S.  Army 
to  attain  a  Xasters  in  the  field  of  microbiology.  During  my 
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courses  offered  in  microbiology  and  the  only  way  I  could 
think  of  to  learn  a  considerable  amount  about  microbiology 
was  by  undertaking  a  research  project.  At  that  time  the 
Army  was  also  interested  in  the  degradation  of  oils  and  as  a 
result  of  this  I  started  this  project;  looking  at  the 
blodeteriaratlon  and  biodegradation  of  metal  working  fluids. 
This  project  has  helped  me  fulfill  the  requirements  that  I 
set  upon  myself;  that  of  learning  all  I  could  in  the  field 
of  microbiology  with  respect  to  blodeterloration  and 
biodegradation  of  metal  working  fluids.  This  study  and 
other  laboratory  work  has  Introduced  me  to  different 
techniques,  equipment,  and  media  that  I  would  not  have  been 
exposed  to  if  I  had  opted  to  undertake  the  Plan  C  Xasters. 

This  thesis  is  written  primarily  for  two  audiences:  the 
U.S.  Army  and  Vayne  State  University.  Thus,  it  must  be 
remembered  that  persons  not  Intimately  involved  in  this 
field  have  a  vested  Interest  in  my  work. 
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1MTBODUCTIOH 


The  work  for  this  Masters  Thesis  involved  the  study  of 
microorganisms  in  Metal  Working  Fluids  <MVF>  and  the 
fluidized  bed  reactors  involved  in  their  disposal.  It  was 
of  interest  in  determining  what  bacteria  survive  in  MWF 
under  different  treatments,  both  chemical  and  biological, 
and  during  the  waste  treatment  process.  These  studies 
focused  on  bacteria  isolated  from  MWF  and  from  different 
locations  in  the  waste  treatment  system.  Also  looked  was 
the  survival  of  bacteria,  under  laboratory  conditions,  after 
changes  in  their  environment.  The  environmental  changes 
Included:  changes  in  pH,  biocide  concentration  (biocides 
used  were  the  same  ones  used  in  the  Industrial  plant),  and 
carbon  source.  All  samples  used  for  this  study  were 
collected  from  a  General  Motors  plant  (Delco  Moraine  Hew 
Departure  Hyatt  (HDH)  plant)  in  Sandusky,  Ohio. 

Because  of  the  possibility  of  future  assignment  in  this 
field  (biodeterioration  and/or  degradation  of  oils)  in  the 
Army,  an  understand  of  what  was  occurring  in  these 
environments  was  needed  by  the  author.  From  this  research 
with  MWF,  results  from  these  changes  in  the  environment 
could  be  of  interest  to  the  Army.  This  study  also  helped  one 
to  understand  the  effects  that  changes  in  the  environment 
had  on  the  survival  of  bacteria.  The  areas  of  particular 
importance  to  this  study  were  metal  working  fluids,  biocides 
and  the  fluidized  bed  reactors  used. 
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Metal  Working  Fluids 

Metal  working  fluids  are  used  in  many  industries  today. 
Some  types  of  metal  working  or  processing  methods  that  use 
MVF  are  C  3D : 

1. )  machining  and  grinding 

2.  )  stamping,  blanking,  drawing,  and  spinning 

3.  )  molding 

4.  >  rolling. 

The  primary  function  of  the  MVF  is  to  increase  the  effi¬ 
ciency  of  these  and  other  industrial  operations.  The  MVF  is 
employed  for  different  functions  depending  upon  the  type  of 
machine  operation  to  which  it  is  applied.  The  two  basic 
functions  which  any  MVF  must  perform  are  1 24J  : 

1.  >  To  remove  heat  from  the  cutting  tool,  work  piece 

and  chips  (l.e.  to  cool). 

2.  >  To  reduce  the  friction  between  the  flawing  chips 

and  the  cutting  tool,  thus  reducing  the  heat 
generated  in  cutting. 

The  major  benefit  from  %hese  functions  is  to  improve  tool 
life.  There  are  also  other  functions  that  the  MVF  must 
perform  to  increase  the  efficiency  of  operation.  These 
Include  C  5] : 

1. )  provide  rust/corrosion  protection 

2.  )  lubricate  exposed  machine  tool  parts 

3.  >  reduce  distortion  through  cooling 

4.  >  allow  for  increased  tool  speeds 

5.  )  wash  away  chips  from  the  work  piece/tool  Interface. 


3 


The  type  of  XVF  examined  in  this  study  was  a  water  based 
XVF.  With  the  addition  of  water  to  metalworking  operations 
it  has  created  a  more  than  favorable  environment  for  a 
variety  of  microorganisms.  Since  XVF  is  such  an  excellent 
environment  for  microbial  growth,  Industries  working  with 
XVF  are  concerned  about  contamination.  The  massive  amount 
of  growth  of  microorganisms  in  XVF  can  cause  adverse  effects 
to  the  industrial  operations.  Some  of  the  common  problems 
due  to  microbial  contamination  are  listed  in  Table  1  [20]. 


TABLE  1:  PROBLEMS  CAUSED  BY  XICROBIAL 
COHTAX I BAT I OH 

-  odor  development 

-  decrease  in  pH 

-  changes  in  emulsion 

-  increase  in  corrosion  rates 

-  changes  in  coolant  chemistry 

-  decreased  tool  life 

-  surface-finish  blemishes 

-  clogged  filters,  screens  &  lines 

-  increase  work  piece  rejection  rates 


For  growth  of  microorganisms  in  any  environment,  certain 
physiological  and  nutritional  requirements  must  be  set. 
Figure  1,  shows  the  requirements  for  microbial  growth  £71. 

If  any  one  of  these  factors  is  lacking  then  cell  growth 
stops.  XVF  becomes  contaminated  with  microorganisms  because 
the  fluid  contains  all  the  required  nutrients  needed  to 
support  microbial  growth.  Some  of  the  nutrients  found  in 


XVF  are  listed  in  Table  2  £20].  The  mineral  oil  base 


FIGURE  i:  Physical  »nd  Nutritional  Rtquir#m*nti  fo*  tht  Growth  of 
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stocks,  glycols,  fatty  acid  soaps,  amines,  and  othar 
constltuants  of  XVF  provide  all  of  the  assantial  nutrients 
required  for  alcroblal  growth.  Tha  othar  requirements  for 
microbial  growth:  pH,  temperature,  pressure,  and  gases*  are 
sat  through  tha  normal  operation  and  aaintananca  of  tha  MVP. 


TABLE  2:  HUTRIE5TS 

IM  METAL  VOKKIHG  FLUIDS 

Orman ic 

Inorganic 

cation: 

- 

mineral  waxes 

-  iron 

- 

fatty  oil 

-  calcium 

- 

fatty  acid  soaps 

-  sodium 

- 

synthetic  esters 

-  magnesium 

- 

phosphate  esters 

-  manganese 

** 

amines 

anions: 

-  sulfate 

•  chloride 

-  phosphate 

Large  populations  of  microorganism  are  readily  detected 
because  of  their  affects  on  tha  fluid  or  system  (see  Table 
1).  Unfortunately,  by  the  time  these  effects  are  noticed, 
it  may  already  be  too  late  to  rescue  the  system  and  prevent 
further  damage.  In  addition,  since  microbes  are  so  small 
and  cannot  be  seen  by  the  naked  eye,  the  biodeterioration 
problems  that  they  cause  are  often  not  recognized  until  it 
is  too  late  t 81.  The  growth  of  the  bacteria  in  the  MVP  can 
be  controlled  by  the  addition  of  preservatives.  The 
preservatives  that  are  of  interest  to  this  study  are 
biocides. 
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Biocides 

Biocides  are  added  to  XVF  to  destroy/inhibit  microbial 
calls.  Sons  of  the  ways  that  biocides  react  (mode  of 
actios)  with  the  microorganisms  are  described  below.  Two  of 
the  biocides  used  in  this  study,  A  and  B,  are  considered 
formaldehyde  (FA)  releasers.  This  was  demonstrated  by  the 
extensive  work  of  Bossmoore  at  al  C22,  231.  It  was  found 
that  the  release  of  FA  from  the  biocide  was  essential  for 
its  mods  of  action  on  the  microbial  cells.  Vhen  FA  was 
released,  it  reacted  with  essential  nucleophiles  <SH  groups 
and  amines)  in  the  biological  environment  and  then,  reacted 
with  the  cells  causing  loss  of  viability.  Biocide  C  also 
reacts  in  a  similar  manner  with  the  nucleophiles. 

Another  probable  mode  of  action  involves  the  biocide 
making  ccntact  with  the  cell  envelope  and  thus  gaining  cell 
entry.  Same  entry  can  be  contributed  to  the  ail-water 
portion  of  the  cell  envelope,  thus  allowing  the  biocide  to 
penetrate  the  lipophilic  cell  envelope.  Some  components  of 
the  biocides  also  have  structures  similar  to  the  essential 
nutrients  and  metabolites;  it  is  therefore  passible  to 
envision  a  form  of  competition  for  some  of  them  C233.  As  a 
result  of  the  action  of  the  biocide  on  the  microbial  c«tl>, 
the  cells  may  stop  cell  growth  and  reproduction. 

The  biocides  in  this  study  were  used  in  the  XVF  in  the 
General  Motor  Plant  and  these  are  outlined  below. 

Hexahvdro-1 . 3. 5-trls  (2-hvdroxvathvl)-s-triaa:lne 
<C9H  ^  ) 
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CH  2CHj  OH 

STRUCTURE  1 

-  I 

H 


HOCH2  CH  2  H  HCH2  CH  2OH 


% 


EFFICACY;  This  biocide  is  an  effective  antimicrobial 
agent  that  can  be  used  to  inhibit  the  growth  of  bacteria  in 
aqueous-based  metal  working  fluids.  It  is  effective  against 
gram-positive  and  gram-negative  bacteria.  It  was  tested  for 
efficacy  at  the  recommended  concentration  of  1500  ppm  (parts 
per  million) .  The  physical  properties  of  this  biocide  are 
listed  in  Table  3  1 13-153  and  it  is  referred  to  as  ’’Biocide 
A”. 


TABLE  3:  TYPICAL  PHYSICAL  PROPERTIES  OF 

HEXAHYDRO- 1.3. 5-TR IS (2-HYDROXYETHYL) - 

S-TRIAZINE 

-  atetive  ingredient  <%> 

78.5 

-  inert  ingredient  (%) 

21.5 

-  color 

amber 

-  odor 

faint  amine 

2.  l-Hvdroxv-2 (lH)-Pvrldinethion.  Sodium  salt  and 
Hexahvdro-1 . 3. 5-trls<2-hvdroxvethvl)-a-triazine 
This  is  a  mixture  of  two  other  known  biocides.  The  two 
components  are: 
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a.  Sodium  2-pvridlnetMol-l-oxide  (C,  H  jJTQSFa) 

H 

STRUCTURE:  J 

C 

HC 

HC 

H 

I 

0 

b.  Hexahvdro- 1.3. 5-trls  (2-hvdroxvethvl ) -s-triazine 

See  to  Biocide  A  for  structure. 

EFFICACY:  This  biocide  utilizes  a  potentially 

synergistic  combination  of  an  antifungal  agent  and  an 
antibacterial  agent.  It  provides  pronounced  growth 
inhibiting  activity  against  gram-positive  and  gram-negative 
bacteria,  yeasts,  and  molds.  The  antifungal  agent  is 
sodium-2-pyridinathiol-  1-oxide  and  the  antibacterial  agent 
is  hexahydro-1 , 3, 5-tris  <2-hydroxyethyl>-2-triazine.  This 
biocide  eliminates  the  need  for  adding  two  antimicrobial 
agents.  It  was  tested  for  efficacy  at  the  recommended 
concentration  of  1000  ppm.  Table  4  lists  some  of  the 
typical  properties  of  this  biocide  1 16-181  and  it  is 
referred  to  as  "Biocide  B" . 


bacteria  and  fungal  contaalnanta  in  aqueous  dilutions  of 
eaulsifiable  synthetic  and  semi -synthetic  KVF.  Some  of  the 
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physical  and  chemical  properties  of  this  biocide  are  listed 
in  Table  5  C211.  The  recommended  level  of  use  as 
established  for  EPA  regulation  is  100  ppm.  This  biocide  is 
referred  to  as  "Biocide  C" . 


TABLE  5:  PHYSICAL  AND  CHEMICAL  PROPERTIES 

OF  "BIOCIDE  C» 


Active  Ingredients 

-  5-chloro-2-methyl 
-4-isothiazolin-3-one 

-  2-methyl-4-isothiazalin 
-3-one 

Appearance 

Odor 


8.6  X  sin. 

2.6  X  sin. 
pale  yellow 
mild,  aromatic 


Because  of  the  differences  in  location  of  their 
isolation,  it  was  of  interest  to  see  if  any  of  the 

microorganisms  showed  a  difference  in  their  minimal 
inhibitory  concentration  (MIC).  The  MIC  is  the 
concentration  of  an  antimicrobial  agent  necessary  to  inhibit 
the  growth  of  a  particular  strain  of  microorganism  t  1]  . 

This  test  determines  the  concentration  of  an  antimicrobial 
agent  that  is  effective  in  preventing  growth  of  the 
organisms  and  gives  some  indication  of  the  minimal  dosage 
that  should  be  effective  in  controlling  the  microbes.  It  is 
important  to  realize  that  in  a  given  species  biological 
sensitivity  can  vary  in  its  MIC  by  a  factor  of  2-5,  i.e.  the 
differences  in  their  intrinsic  resistance  C91.  Many  authors 
have  reported  the  resistance  of  microorganisms  to  toxic 
chemicals  and  the  ways  in  which  microorganisms  acquire  their 
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resistance  C6,  9,  10,  25,  26,  271.  It  was  desirable  to  see 
If  the  bacteria  showed  any  differences  In  their  NIC  based  on 
the  location  of  the  Isolate.  In  addition,  It  was  of 
interest  to  determine  if  these  MIC  differences  were  also 
evident  in  a  medium  stressing  hydrocarbon  utilization. 

Waste  Treatment  System 

The  biological  waste  system  used  to  biodegrade  waste  KVF 
was  the  OXITKON  fluidized  bed  reactor.  Waste  MWF  first 
passed  through  a  physical-chemical  treatment  before  it 
reached  the  fluidized  bed  reactor.  Figure  2,  shows  a 
detailed  schematic  of  the  waste  water  process  at  Delco 
Moraine  NDH  Plant.  This  system  is  divided  into  a 
physical-chemical  and  a  biological  section. 

The  physical-chemical  section  Involves  seven  steps  from 
the  primary  clarifier  to  sand  filter  #  1.  The  primary 
clarifier  is  responsible  for  the  removal  of  free  oil  and  any 
sol it1  material  from  the  waste.  The  waste  then  goes  into  one 
of  three  holding  tanks  where  it  is  allowed  to  sit  for  a 
period  of  time,  allowing  settling  of  more  oil  and  its 
removal  by  skimming  from  the  top.  (The  waste  sits  in  one  of 
the  holding  tanks  while  the  other  two  are  being  filled  and 
emptied  of  waste  MWF. )  After  passing  the  holding  tank,  the 
waste  water  goes  through  a  series  of  chemical  treatments 
that  further  break  down  the  waste  material.  In  mix  tank  # 

1,  chemicals  are  added  to  lower  the  pH  to  approximately  4.8. 
This  is  done  to  split  emulsion  and  further  break  down  the 
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Figure  2:  Schematic*  of  Uaste  Treatment  System 
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chemical  components  in  the  waste  MVF.  The  waste  then  goes 
through  another  clarifier,  the  API  oil  separator,  where  more 
free  oil  is  removed.  Next  is  mix  tank  #  2,  where  more 
chemicals  are  added  and  this  time  the  effect  is  to  raise  the 
pH  to  approximately  9.2.  Finally,  the  waste  material  goes 
through  the  flotation  units  to  remove  any  more  solids  that 
are  brought  to  the  top  by  dissolved  air.  From  here  the 
waste  water  material  enters  the  biological  portion  of  the 
system. 

The  Delco  Moraine  NDH  system,  where  samples  were 
collected,  was  one  of  the  first  General  Motors  Plant  to 
Install  a  full  scale  aerobic  fluidized  bed  OXITRON  system 
C 121 .  The  OXITRON  is  a  commercial  embodiment  of  the  aerobic 
biological  fluidized  bed  process  configuration  system 
developed  by  Dori-Oliver,  Inc.  Figure  3  shows  the  OXITRON 
aerobic  fluidized  bed  process  schematics  I  121 .  In  this 
system,  the  waste  water  is  passed  upward  through  a 
rectangular  or  circular  reactor  containing  a  bed  of  sand  (or 
granular  activated  carbon  media  may  be  used)  at  a  velocity 
sufficient  to  expand  the  bed,  resulting  in  a  fluidized 
state.  In  this  system,  the  combination  of  liquid  and  solid 
particles  display  what  Leva  I  111  called  particulate 
fluidization.  The  bed  expands  smoothly  with  none  of  the 
violent  bubbling  and  particle  motion  characteristic  of 
gas/solid  fluidization,  known  as  aggregative  fluidization 
C 111 .  Once  fluidized,  the  media  particles  provide  a  vast 
surface  area  for  biological  growth,  leading  to  the 
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development  of  a  bioaass  concentration  approximately  five  to 
ten  times  greater  than  that  normally  maintained  in 
conventional  bioreactors.  As  a  result  of  the  biomass 
concentration  on  the  media  particles,  they  tend  to  become 
stratified  in  the  bioreactor.  It  was  shown  that  vertical 
density  gradient  could  be  determined  as  a  result  of  the 
stratification  till.  The  particles  at  the  top  of  the 
fluidized  bed  had  a  greater  biomass  concentration  than  those 
at  the  bottom.  Degradation  of  the  waste  water  is 
accomplished  by  the  microorganisms  found  in  the  biomass. 
Microbial  degradation  of  complex  organic  compounds  requires 
the  maintenance  of  a  long  solid  retention  time  in  the 
biotreatment  reactor,  corresponding  to  a  slow  net  growth 
rate  of  the  microbial  papulation.  The  high  reactor  biomass 
concentration  allows  achievement  of  a  long  solid  retention 
time  at  a  short  liquid  hydraulic  retention  time  C283.  The 
use  of  dissolved  oxygen  in  the  influent  stream  satisfies  the 
oxygen  requirements. 

The  Delco  Moraine  VDH  system  was  Installed  in  late  1985 

and  early  1986  and  consists  of  two  fluidized  bed  reactors. 

The  combine  physical-chemical  and  biological  process  is 

3 

designed  to  treat  up  to  544  m  /day  of  industrial  waste  water 
C283.  The  first  reactor  in  this  system  is  for  carbonaceous 
oxidation  and  the  second  reactor  is  for  nitrification.  The 
effluent  from  the  oily  waste  water  treatment  system  is 
deficient  in  phosphorus;  therefore,  phosphorus  is  added  to 
the  first  reactor  in  the  form  of  phosphoric  acid.  In 
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addition,  sodlua  hydroxide  is  addad  to  buffar  tba  carbon 
dioxide  produced  during  the  carbonaceous  oxidation  and  also 
to  buffar  the  hydrogen  Ions  produced  during  the 
nitrification  process. 

The  samples  collected  from  the  waste  water  treatment 
system  are  listed  in  Table  0.  Refer  to  Figure  2  for 
location  on  the  schematics  chart.  The  samples  sites  were 
chosen  based  on  the  differences  in  the  chemical  treat aent  in 
the  system. 


TABLE  6:  LOCATION 

OF  THE  SAMPLES  COLLECTED 

Identif ler 

Location 

A 

XVF  from  the  north  side 

B 

XVF  from  south  side 

C 

Mix  tank  #  1 

0 

Mix  tank  #  2 

B 

Influent  into  sand  filter  #  1 

F 

Reactor  1  -  free  flowing  liquid 

0 

Reactor  1  sand  at  10  1/2  ft 

H 

10  1/2  ft  sand  gently  shaken 

I 

10  1/2  ft  sand  sonic  oscillation 

J 

Reactor  1  sand  at  20  ft 

K 

20  ft  sand  gently  shaken 

L 

20  ft  sand  sonic  oscillation 

X 

Bffluent  -  going  to  pond 

Objectives 

The  main  objective  of  this  project  was  to  characterize 
bacteria  found  in  various  locations  of  the  waste  water 
treatment  and  to  determine  whether  organisms  of  the  same 
species  showed  differences  in  response  to  the  changes  in 
their  environment  based  on  the  location  from  which  they  were 
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isolated 


METHODS  AID  MATERIALS 

All  tests  psr formed  in  this  research  were  run  two  or 
■ore  times  to  reinforce  the  validity  of  findings. 

Microbiological  Evaluation 

Samples  were  collected  from  the  General  Motors  Plant  in 
plastic  screwcap  jars  on  9/28/90  and  10/1/90.  The  samples 
tiers  put  on  ice  and  transported  to  Vayne  State  University 
where  microbiological  evaluation  was  carried  out.  The 
bacterial  count  in  the  sample  was  determined  by  serial 
dilution  on  Plate  Count  Agar  <PCA,  Difco  Laboratories, 
Detroit,  MI)  for  all  locations  except  location  H,  I,K,  and  L. 

The  samples  from  these  location  involved  sand.  Removal  of 
bacteria  from  the  sand  was  achieved  by  putting  1  gram  of 
sand  into  a  Zip-lock  bag  with  9  ml  of  sterile  water. 

Removal  was  done  by  gently  shaking  the  bag  and  another  was 
also  put  in  the  sonic  oscillator  for  1  minute  and 
subsequently  diluted  and  plated.  The  plates  were  Incubated 
at  33  C  for  48  hours. 

Media  and  Culture  Conditions 

All  cultures  were  maintained  on  tryptic  soy  agar  (TSA, 
BBL,  Detroit  MI).  The  cultures  were  kept  fresh  by  being 
transferred  to  new  TSA  every  ten  days.  Twenty-four -hour-old 
cultures  grown  in  tryptic  soy  broth  (TSB,  Difco  Laboratory, 
Detroit,  MI)  were  used  for  determining  the  pH  range,  MIC 
concentration  and  growth  in  the  mineral  salts  based  medium. 
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The  bacterial  population  In  the  broth  at  24  hour  was 
9 

approximately  10  bacteria/al.  Thus,  the  microbial 
population  Inoculum  used  in  these  tests  was  0. 1  ml  of  a  24- 
hour  culture  yielding  a  final  level  in  the  system  of  106 
CFU/ml . 


Isolation  A  Identification  of  Organisms 

Various  colony  types  were  cultured  onto  TSA.  Colonies 
were  gram  stained  for  purity  before  being  restreaked,  to 
Insure  a  pure  culture  stock.  The  bacterial  Isolates  were 
all  gram-negative;  therefore,  It  was  possible  to  use  the 
PASCO  I.D  Tri-Panels  for  Gram-negatives  to  identify  the 
microorganisms  (see  Appendix  for  instructions  on  the  use  of 
the  PASCO  panels). 

Determining  pH  Range  of  Organisms 

The  pH  sensitivity  tests  were  done  with  both  TSA  and 
TSB.  With  the  TSA,  pH  was  adjusted  to  a  range  of  4-8  and 
with  the  TSB,  the  pH  was  adjusted  to  3.5  to  9.  Both  madia 
were  sterilized  before  the  pH  was  adjusted  with  HC1  or  NaOH. 
With  the  TSA,  pH  was  tested  with  all  the  microorganisms  to 
get  the  general  pH  range  for  the  microorganism.  The  pH 
range  was  checked  again,  using  TSB,  to  those  microorganisms 
listed  in  table  17  to  see  if  the  results  would  be  the  same 
as  those  for  TSA.  It  was  of  interest  to  see  how  acidic  the 
media  could  be  without  affecting  the  survival  of  the 
bacteria. 
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Another  test  with  pH  variation  was  done  on  the  sand  from 
the  bioreactor.  Here,  one  wanted  to  see  if  the  organisms 
still  attached  to  the  sand  could  survive  a  lower  pH  than 
those  that  were  freed.  The  question  asked  of  the  author  was 
"What  would  the  pH  have  to  be  lowered  to  inhibit  the  growth 
of  the  bacteria  still  attached  to  the  sand  (biafllm)  ?” 

To  answer  this  question,  a  gram  of  sand  from  the 
bioreactor  was  placed  into  a  250  ml  flask  containing  100  ml 
sterile  TSB.  The  pH  of  this  medium  then  adjust  to  the 
following  pH:  4.5,  5.0,  5.5,  6  and  7.  The  flasks  were 
incubated  at  33  C  for  48  hours.  Positive  results  or  growth 
was  indicated  by  turbidity  of  the  medium. 

Determining  Biocide  MIC 

Based  on  the  location  of  the  bacteria  isolated,  it  was 
also  of  interest  to  see  the  differences  in  MIC.  These  tests 
were  performed  using  0.1  ml  of  24  hour  old  cultures  grown  in 
TSB  and  added  to  10  ml  of  TSB.  The  tests  were  performed  in 
standard  test  tubes  set  up  for  serial  dilution.  The  amount 
of  biocide  added  to  the  first  test  tube  of  TSB  was  1/10  the 
published  application  concentration,  which  for  biocide  A  was 
1500  ppm  (0. 15  %>  of  biocide  in  solution,  biocide  B  was  1000 
ppm  (0. 1  %)  of  biocide  in  solution,  and  biocide  C  was  100 
ppm  (0.01  %>  of  biocide  in  solution.  The  dilutions  used  are 


listed  in  Table  7. 
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TABLE  7:  Dilutions 

used 

in 

Biocide 

Testing 

(ppm) 

Biocide  A 

100 

50 

25 

12.5 

6.25 

3. 125 

Biocide  B 

100 

50 

25 

12.5 

6.25 

3. 125 

Biocide  C 

10 

5 

2.5 

1.25 

.625 

.3125 

After  these  tests,  a  more  definite  end  point  for  the  MIC 
was  determined.  The  dilutions  used  for  these  tests  are 
listed  in  Table  8.  For  biocide  A,  a  too  low  of  a  biocide 
concentration  was  used  and  the  results  were  all  positive. 


TABLE  8:  Dilutions  of  Biocides  for  End  Point 


Biocide 

A 

10 

7.5 

5 

3.75 

2.5 

1.875 

Biocide 

B 

100 

75 

50 

37.5 

25 

18.75 

Biocide 

C 

10 

7.5 

5 

3.75 

2.5 

1.875 

Determining  Growth  of  Organisms  in  Mineral  Salts  base  Medium 
The  final  experiment  performed  was  to  determine  which 
microorganisms  would  grow  in  a  mineral  base  medium  described 
by  Palleronl  and  Doudoroff  C 191 .  This  medium  consisted  of 
M/30  HaK  phosphate  buffer  pH  6.8,  BH4C1  (0.1%),  HgSC>4*7H^> 
(0.05%),  ferric  ammonium  citrate  (0.005%),  CaC^  (0.0005%) 
and  a  carbon  source  (0.1%).  The  carbon  source  used  in  this 
case  was  the  hydrocarbon  n-hexadecane.  The  madia  was 
prepared  and  sterilized  after  which  the  hydrocarbon  was 
added.  The  microorganisms  used  in  this  test  are  listed  in 
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Table  20.  The  test  was  done  in  100  ml  flasks  with  50  ml 
media  and  a  0.1  al  of  24  hour  old  culture  sample.  These 
were  then  put  into  a  G24  environmental  incubator  shaker  (Hew 
Brunswick  Scientific),  set  at  28  C  and  200  RPM.  These 
samples  were  looked  at  dally  for  evidence  of  turbidity 
indicating  growth.  Those  with  growth  were  used  for  another 
test  to  see  if  they  would  still  grow  in  this  medium  with  the 
addition  of  Biocide  C.  Biocide  C  was  selected  because  of 
its  lower  effective  dose.  The  amount  of  Biocide  C  added  was 
2.5  ml  of  100  ppm  stock  solution  thus  making  the  final 
biocide  concentration  5  ppm.  This  amount  was  used  because 
most  of  the  bacteria  tested  survived  at  this  concentration. 
The  rationale  behind  this  is  that  it  was  known  that  the 
microorganisms  would  grow  in  each  test  separately  but  could 
they  survive  in  the  mineral  base  medium  plus  the  hydrocarbon 


and  the  biocide. 


RESULTS 


Bacterial  Level 

The  results  for  the  CFU/ml  based  on  location  are 
presented  in  Table  9.  The  results  for  the  CFU/ml  were 
obtained  by  selecting  and  counting  the  plates  with  30  to  300 
colonies.  The  Quebec  counter  was  used  to  make  the  count. 

The  formula  used  for  determining  CFU/ml  was: 

CFU  *  (average  number  of  colonieB/plate) 

ml  (dilution  plated) (volume  plated  in  ml) 

Locations  A  through  D  have  two  sets  of  results  because 
in  the  first  set,  it  was  believed  that  the  agar  was  poured 
to  hot  based  on  the  low  count  values.  As  outlined  in  Table 
9,  there  was  a  slight  Increase  in  the  second  set  of  results 
compared  to  the  first  set.  The  results  for  A  through  D  were 
much  lower  than  the  rest  of  the  results  because  of  their 
location.  Location  A  through  D  are  for  XVF  and  for  those 
collected  from  the  physical-chemical  portion  of  the  waste 
treatment  system. 

For  location  D,  the  crowded  plate  method  was  used  to 
determine  the  count  because  there  was  no  growth  on  any  of 
the  higher  dilution  plates.  The  probable  reason  being,  that 
the  agar  was  poured  too  hot.  The  crowded  plate  method  was 
done  by  counting  the  colonies  in  five  square  areas.  These 
counts  were  then  averaged  and  multiplied  by  sixty-four  (area 
of  the  petri  dish) .  A  third  count  was  not  performed  because 

l 

the  sample  was  five  days  old  and  the  count  would  not  have 

e 

bean  as  accurate. 
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TABLE  9:  Results  for  Bacterial 

Colony  Forming  Units 

per  Location 

Location 

CFU/ml 

Average 

3 

A 

1st  89  x  10 

5 

3 

1.0  x  10 

118  x  10 

3 

2nd  191  x  10 

5 

3 

1.6  x  10 

122  x  10 

4 

B 

1st  14  x  10 

5 

4 

3.2  x  10 

32  x  10 

4 

2nd  165  x  10 

6 

4 

1.7  x  10 

169  x  10 

2 

C 

1st  153  x  10 

4 

2 

1.3  x  10 

109  x  10 

2 

4 

2nd  251  x  10 

2.6  x  10 

2 

262  x  10 

1st  36  x  10 


39  x  10 


3.8  x  10 


2nd  1433  x  10 


1.4  x  10 


1267  x  10 


dons  by  crowded 
plate  method 


TABLE  9  (cont.):  Results  for  Bacterial  Colony  Foraing 

Units  per  Location 


Location 


B 


CFU/al 


Average 


CFU/ga  sand 


CFU/gm  sand 


CFU/ga  sand 


5 

65  x  10 

5 

63  x  10 

6 

6.4  x  10 

5 

106  x  10 

7 

5 

1.3  x  10 

159  x  10 

1 

6 

* 

51  x  10 

7 

5 

3.8  x  10 

243  x  10 

7 

9 

296  x  10 

3.0  x  10 

TSTC 

5 

98  x  10 

7 

5 

1.3  x  10 

161  x  10 

7 

44  x  10 

8 

7 

7.3  x  10 

101  x  10 

3 

202  x  10 

5 

3 

1.5  x  10 

97  x  10 

Did  not  do  because  H  A  I  are  the  results  using 
different  reaoval  techniques. 

Did  not  do  because  K  A  L  are  the  results  using 
different  reaoval  techniques. 
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^^e  results  between  the  gently  shaking  and  sonic  removal 
in  H  &  I  and  K  &  L  were  what  one  expected.  The  removal  by 
the  sonic  bath  removed  more  bacteria  from  the  sand  than  by 
just  gently  shaking  the  sample.  The  first  thoughts  that  one 
would  think  about  the  results  for  location  X  was  that  the 
count  was  too  low.  This  was  the  sample  that  was  going  to 
the  pond  and  microorganisms  found  here  were  the  free  living 
bacteria  from  the  bioreactors.  These  were  the  bacteria  that 
Andrews  described  as  being  individual  cells  that  were  so 
small  and  light  that  they  were  washed  out  of  the  bioreactors 
[  2J  .  The  overall  results  were  what  one  expected  based  on 
the  locations  that  they  were  collected. 

Identification  of  Microorganisms 

The  results  for  the  Identification  by  the  PASCO  ID  TUI 
Panels  are  given  in  Table  10.  The  results  are  listed  by 
blotype  number  first  and  then  by  genus  and  specie  nan  if 
the  biotype  number  matched  up  in  the  PASCO  I.D.  book.  From 
the  results,  it  showed  that  it  was  not  always  possible  to 
isolate  specific  microorganism  in  each  area.  However, 
Acinetobacter  lwoffi  was  found  in  most  of  the  locations  and 
it  was  this  microorganism  that  was  tested. 

There  are  two  possibilities  for  the  failure  cited  above. 
First,  all  the  microorganisms  possible  from  each  location 
were  not  isolated.  If  one  had  been  selective,  there  might 
have  been  greater  success  in  the  isolation  of  microorganisms 
common  to  each  location.  The  second  reason  for  not  getting 
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in  the  ID  book.  I  also  listed  the  number  of  mi croor9ani  sms  that  I  could  not  identify 
because  they  would  not  9row  in  the  positive  control  well  of  the  PASCO  ID  Tri -panels. 


TABLE  10:  Continuation  of  Identification  of  M i croon gan i sm* 


29 


a  common  microorganisms  in  each  location  might  be  due  to 
the  fact  that  some  microorganism  were  only  present  in  low 
numbers  in  that  specific  location.  As  it  was  stated 
earlier,  Acinetobacter  lwoffi  was  found  in  all  locations 
except  in  Location  C  (mix  tank  #1)  where  the  pH  is  lowered 
to  4.S  due  to  the  addition  of  chemical.  It  is  possible  that 
this  organisms  might  not  of  survived  this  treatment  of 
Location  C.  From  here  on  out,  the  various  tests  were  done 
with  mostly  Acinetobacter  lwoffi  and  a  few  other  bacteria. 

Biocide  MIC  Results 

For  the  biocide  testing  ten  isolates  were  selected  that 
keyed  to  Acinetobacter  lwoffi  from  different  locations  (two 
of  the  samples  used  looked  similar  to  Acinetobacter  lwoffi 
based  on  colony  characteristics)  and  challenged  them  with 
the  three  biocides.  Table  11  gives  the  ten  bacteria  used 
for  these  tests  by  biotype  number  and  their  location.  The 
results  for  these  ten  bacteria  are  presented  in  Tables  12 
through  16.  The  Interpretation  of  each  table  is  given  below 
its  respective  table.  The  MIC  for  each  biocide  is  much  less 
than  the  recommended  level  for  Industrial  application. 

MIC  tests  with  Biocides  B  and  C  on  different  micro¬ 
organisms  from  various  locations  to  see  if  their  MIC  was 
essentially  the  same  as  that  for  Acinetobacter  lwoffi . 

Table  17  gives  the  bacteria  used  for  these  tests  by  biotype 
and  location.  Tables  18  and  19  give  the  results  of  these 
tests,  with  interpretations  below  each  table. 


B^c|grigA^cg  l^did^not  grow  in  the  positive  control  well 
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TABLE  12: 

Results 

of 

MIC  Testing 

with 

"Biocide 

A" 

Bacteria 

■ 

2 

3 

4 

5  6 

7 

a 

9 

10 

3.  125 

++ 

++ 

++ 

++ 

++  — 

++ 

++ 

++ 

++ 

6.25 

++ 

++ 

++ 

++ 

++  — 

++ 

++ 

++ 

++ 

12.5 

++ 

++ 

++ 

++ 

++  — 

■ 

++ 

++ 

++ 

25.  0 

++ 

++ 

++ 

+♦ 

++  — 

++ 

++ 

■*•+ 

++ 

50.  0 

++ 

++ 

++ 

++ 

++  — 

++ 

++ 

++ 

++ 

100.  0 

++ 

— 

+- 

+- 

—  — 

— 

— 

— 

— 

+  aeons  positive  for  turbidity 
-  aeons  negative  for  turbidity 


IBTBRPRBTATIOB:  The  MIC  for  these  aicroogronisas  was 

greoter  thon  50.0  ppa,  Bocterio  #  6  did  not  grow  in  the 
lowest  concentrotion  ond  it  was  assumed  that  the  beginning 
inoculation  was  not  viable.  For  the  endpoint  MIC,  the 
tests  were  run  using  to  low  of  a  concentration  and  the 
results  were  all  positive  so  the  results  were  not 
included.  This  biocide  was  the  last  one  tested  so  not  as 
many  microorganisms  were  tested  with  it. 
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TABLE  13:  Results 

of 

XIC 

Testing 

with 

"Biocide  B" 

Bacteria 

8  0  10 

mm 

o 

4 

o  o 

7 

3.  125 

++  ++ 

++ 

++ 

++  ++ 

++ 

++  ++  ++ 

0.25 

++  ++ 

++ 

++ 

++  ++ 

++ 

++  ++  ++ 

12.5 

++  +  + 

++ 

++ 

++  ++ 

++  ++  ++• 

25.0 

++  ++ 

++ 

++ 

++  — 

— 

++  ++  ++ 

50.  0 

++  - 

++ 

++ 

—  — 

— 

—  ++  — 

100.  0 

+  naans  positive  for  turbidity 
-  means  negative  for  turbidity 

IHTBRPRBTAT IPS ;  The  results  from  this  test  showed  that 
the  XIC  for  thic*  biocide  in  most  bacteria  tested  here 
was  greater  than  25  ppm.  For  the  results  of  a  finer  MIC 
endpoint  refer  to  table  14.  This  biocide  was  also  tested 
with  other  bacteria  from  various  locations  and  the  results 
are  given  in  table  18. 
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TABLE  14: 

Results 

of 

MIC  Testing 

with 

’’Biocide 

C” 

Bacteria 

1 

o 

4  5  6 

a 

9 

10 

c, 

m 

0.3125 

++ 

++ 

++ 

++  ++  +4- 

++ 

++ 

++ 

0.625 

++ 

++ 

++ 

++  ++  ++ 

++ 

++ 

++ 

++ 

1.25 

++ 

++ 

++ 

++  ++  ++ 

++ 

++ 

++ 

++ 

2.50 

++ 

++ 

++ 

++  ++  ++ 

+- 

++ 

++ 

++ 

5.  0 

++ 

++ 

++ 

+4-  +-  ++ 

— 

++ 

++ 

++ 

10.  0 

— 

+- 

+- 

+- 

— 

— 

- 

— 

+  means  positive  for  turbidity 
-  means  negative  for  turbidity 


I  BfTBRPRET  AT  I  OH :  See  Table  15  for  the  a  finer  r;.ngu  for 

the  XIC  endpoint.  In  these  results  it  shows  that  the  MIC 
is  greater  than  5. 0  ppm  in  most  of  the  bacteria.  This 
biocide  was  used  on  other  bacteria  from  the  different 
locations,  the  results  for  these  bacteria  are  shown  in 
Table  19. 
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TABLE  15 

Results 

of 

MIC 

Endpoint 

with  "Biocide  B" 

Bacteria 

m 

7  8  9  10 

RH 

O 

m 

EH 

18.75 

++  ++ 

++ 

++  — 

++  ++  ++  ++ 

25.  0 

++  ++ 

++ 

++ 

++  — 

++  ++  ++  ++ 

37.5 

—  — 

++ 

++ 

—  — 

++  —  —  — 

50.  0 

75.  0 

100.  0 

+  mans  positive  for  turbidity 
-  mans  negative  for  turbidity 

I  lfTERPRETAT  I  OH :  Bacteria  #  6  did  not  grow  in  the  lowest 
concentration  in  this  testing  but  it  grow  in  the  previous 
testing  with  this  biocide.  It  is  assumed  that  this 
bacteria  was  not  viable  when  the  tests  was  started.  The 
final  MIC  endpoints  for  the  rest  of  the  bacteria  was 
greater  than  25.0  ppm.  See  the  table  for  the  exact 
endpoint  for  each  bacteria. 
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TABLE  16: 

Results 

of 

MIC  Endpoint  with  ” 

Biocide  C” 

Bacteria 

1 

o 

O 

A 

R  A  7 

8 

9 

10 

£  1  ppm 

1.675 

44 

44 

4-4- 

+4- 

44-  —  4-4- 

4-4- 

4-4- 

4-4- 

2.5 

44 

44 

4-4- 

4- 4- 

4-4-  —  4-+ 

44 

4-4- 

4-4 

3.75 

44 

44 

+4* 

4-4- 

4-4-  —  ++ 

4-4- 

4-4- 

44 

o 

ID 

++ 

4  + 

4-4- 

+4- 

+4-  —  - 

44 

+— 

44 

1 - 

7.5 

+- 

4~ 

44 

4-4- 

4 

1 

1 

1 

1 

4- 

— 

— 

4- 

10.  0 

— 

+— 

4— 

44 

— 

— 

4- 

+  mans  positive  for  turbidity 
-  means  negative  for  turbidity 


I HTERPRET AT I 05 :  Bacteria  #  6  did  not  show  any  growth  in 
this  test  but  it  showed  growth  in  the  first  testing  with 
’’Biocide  C”,  so  it  is  assumed  that  this  bacteria  was  not 
viable  to  begin  with.  The  rest  of  the  bacteria  show  a 
final  MIC  endpoint  greater  than  5.0  ppm  except  bacteria 
#  7  and  9.  See  the  results  for  accurate  endpoint. 
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TABLE  17: 

Bacteria  used  in  XIC  Testing  for  Table 

18  and  19 

Bacteria 

Number 

Biotype 

Number 

Location 

Same 

1 

252001401 

B 

Aci.  anitratus 

2 

240746026 

B 

3 

377700401 

B 

4 

200746216 

B 

5 

366400400 

A 

6 

240044012 

A 

7 

000040437 

A 

8 

352005207 

A 

9 

241006000 

B 

10 

000004010 

A 

11 

000004012 

A 

Pseud,  spp. 

12 

no  growth 

A 

13 

366005005 

A 

14 

000004012 

D 

Pseud,  spp. 

15 

377700000 

C 

18 

no  growth 

A 

17 

000000120 

E 

18 

040000620 

K 

19 

000740020 

L 

20 

000000022 

1 

Xoraxella 

21 

040004000 

L 

NOTE:  The  words  "no  growth"  indicate  that  these  bacteria 

did  not  grow  in  the  control  well  of  the  PASCO  system, 
therefore  a  biotype  number  could  not  be  determined.  The 
names  of  the  microorganisms  are  only  provided  for  the  ones 
whose  biotype  number  keyed  to  a  name. 


TABLB  IS: 

Results  of  MIC  Testing  with  "Biocide  B” 
with  other  Isolated  Microorganisms 

£  J  ppm 

100  50  2.5  12.5  6.25  3.125 

bacteria 

I MTERPRET AT I OH :  As  the  reults  indicated,  most  of  the 
bacteria  have  a  MIC  greater  than  25  ppm.  There  a1 so  was 
a  variance  between  the  microorganisms  that  might  be  a 
result  due  to  the  location  that  the  bacteria  were 
isolated  from.  Compared  to  the  Acinetobacter  Iwoffi, 
some  of  these  bacteria  are  more  resistant  to  this  biocide 
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TABLE  19: 

Results  of  MIC  Testing  with  ‘'Biocide  C‘‘ 
with  other  Isolated  Microorganisms 

t  1  ppm 

bacteria 

10 

5 

2.5 

1.25 

.62 

.31 

1 

— 

++ 

++ 

++ 

++ 

++ 

2 

— 

— 

++ 

++ 

++ 

++ 

3 

— 

— 

— 

++ 

++ 

++ 

4 

— 

— 

++ 

++ 

++ 

++ 

5 

— 

— 

— 

++ 

♦+ 

++ 

6 

— 

— 

++ 

++ 

++ 

++ 

7 

— 

— 

++ 

++ 

++ 

++ 

8 

— 

— 

++ 

++ 

++ 

++ 

9 

— 

— 

— 

++ 

++ 

++ 

10 

— 

++ 

++ 

++ 

++ 

++ 

11 

— 

— 

+- 

++ 

++ 

++ 

12 

— 

+- 

++ 

++ 

++ 

++ 

13 

— 

— 

++ 

++ 

++ 

++ 

14 

++ 

++ 

++ 

++ 

++ 

++ 

15 

— 

++ 

++ 

++ 

++ 

++ 

16 

— 

— 

— 

— 

— 

+- 

17 

— 

— 

— 

++ 

♦+ 

++ 

18 

— 

— 

— 

— 

++ 

19 

— 

— 

— 

— 

++ 

++ 

20 

— 

— 

— 

— 

++ 

++ 

21 

— 

—  — 

—  — 

++ 

++ 

I HTERPERTAT I 05 :  As  the  results  indicates  there  is  a 
variance  in  the  data  based  upon  the  bacteria  being  tested. 
The  results  from  the  previous  tests  were  using  the  same 
microorganisms  but  from  different  locations.  The  results 
shown  here  are  different  microorganisms  and  different 
locations.  Compared  to  Acinetobacter  lwoffi  results, 
the  bacteria  here  are  more  sensitive  to  this  biocide. 
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PH  Range  Results 

The  pH  tests  were  performed  on  all  of  the  bacteria 
lsoleted  on  TSA.  Bacteria  listed  in  Table  17  were  also 
tested  in  TSB  to  see  if  there  was  a  differences  based  on  the 
medium  being  a  liquid  or  solid.  The  results  from  both  tests 
showed  that  most  of  the  bacteria  survived  a  pH  range  of  6  to 
8.  Some  of  the  Bacteria  tested  in  TSB  also  grew  at  pH  9  but 
not  any  lower  than  pH  6. 

The  results  of  the  pH  tests  done  on  the  sand  from  the 
bloreactor  showed  that  they  could  grow  at  a  lower  pH  than 
the  isolated  bacteria.  There  was  obvious  growth,  based  on 
turbidity,  in  pH  7,  6,  5.5  and  5.  There  waa  survival  in  pH 
4.5,  determined  by  surface  plating  on  TSA,  not  by  obvious 
growth.  The  bacteria  isolated  from  surface  plating  were 
also  used  in  subsequent  studies  in  mineral  salts-hydrocarbon 
medium. 

Results  indicated  that  the  organisms  attached  to  the 
sand  could  survive  a  lower  pH  environment  then  the  Isolated 
microorganisms.  The  question  asked  "How  much  would  you  have 
to  lower  the  pH  to  inhibit  the  growth  of  the  organisms  on 
the  sand  ?"  Prom  these  initial  tests,  I  would  say  that  the 
pH  of  the  bioreactor  would  have  to  be  lowered  to  a  pH  below 
4.5  to  produce  inhibition. 

Mineral  Base  Medium  Results 


The  microorganisms  that  were  used  in  this  test  are 
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listed  in  Table  20.  Turbidity  was  used  as  a  means  of 
determining  growth.  The  samples  were  examined  at  each  day 
for  obvious  growth  while  they  were  in  the  shaker.  The 
appearance  of  obvious  growth,  approximately  10^  bacteria/ml, 
took  approximately  ten  days.  Table  20  also  indicated  which 
microorganisms  showed  obvious  growth  on  the  day  they  were 
taken  from  the  shaker  (day  13).  These  bacteria  were  then 
used  for  the  mineral  base  medium  plus  the  hydrocarbon  and 
biocide  test. 

These  results  were  evaluated  each  day  for  obvious  growth 
and  after  ten  days  then  was  no  apparent  growth.  After  three 
weeks  in  the  shaker,  none  of  the  samples  showed  apparent 
growth,  so  serial  dilution  were  performed  on  PCA  to  see  if 
the  bacteria  were  surviving.  The  results  of  the  bacterial 
load  in  this  medium  are  given  in  Table  21. 
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TABLE  20:  Bacteria  used  in 

the  Mineral  Base  Xediua  Test 

Biotype 

Location 

Fame  Growth  in  Medium 

000004401 

B 

Aci. lwoff i 

yes 

sand  isolate 

G 

o 

» 

yes 

sand  isolate 

G 

7 

yes 

sand  isolate 

G 

? 

yes 

sand  isolate 

G 

? 

yes 

no  growth 

A 

o 

• 

yes 

000000401 

D 

Aci. lwoff i 

yes 

000004012 

A 

Pseud. spp. 

yes 

000000020 

I 

Moraxella 

yes 

no  growth 

A 

7 

yes 

no  growth 

A 

resembled  Aci. 

no 

no  growth 

H 

resembled  Aci. 

no 

000000000 

F 

Aci. Iwof f i 

no 

000000000 

F 

Aci. lwoff i 

no 

000000000 

E 

Aci. lwoff i 

no 

000000000 

E 

Aci. lwoff i 

no 

000000000 

M 

Aci. Iwof f i 

no 

Hots:  Sand  Isolates  refer  to  the  ones  that  were  Isolated 

from  the  pH  testing  on  the  sand  of  the  bioreactor.  The 
pH  was  lowered  to  4.5. 
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Table  21:  Results  of  Mineral  Base  Medium  and  Biocide 

Bacterial  Count 

Biotype 

Location 

Growth 

000004401 

B 

>  1000  CFU/mi 

sand  Isolate 

G 

>  1000  CFU/ml 

sand  isolate 

G 

>  1000  CFU/ml 

sand  Isolate 

G 

>  1000  CFU/ml 

sand  isolate 

G 

>  1000  CFU/ml 

no  growth 

A 

>  1000  CFU/ml 

000000401 

D 

>  1000  CFU/ml 

000004012 

A 

>  1000  CFU/ml 

000000020 

I 

>  1000  CFU/ml 

no  growth 

A 

>  1000  CFU/ml 

HOTE:  When  the  samples  were  plated,  the  dilutions  plated 

were  from  10  to  the  3rd  to  10  to  the  6th.  The  amount  of 
growth  on  the  10  to  the  3rd  plates  were  less  than  30 
colonies  and  could  not  be  counted.  Thus  the  number  of 
bacteria  in  the  medium  is  given  as  less  than  a  1000  to 
indicate  that  there  was  survival  but  no  growth.  Since 
0.1  ml  of  a  24  hour  culture  was  put  into  50  ml  of  the 
medium  <10  to  the  3th),  the  results  indicates  a  decline 
in  the  microbial  population.  The  reasons  for  the  decline 
might  be  because  the  environment  was  to  stressful  for 
survival . 


COMCLUSIOM 


The  results  obtained  from  this  project  revealed  many 
things  about  the  microbial  population  in  the  MVF  and  the 
waste  treatment  systems.  As  expected  the  microbial  load  in 
the  bioreactors  is  much  higher  than  any  place  else  ^.n  the 
system.  The  control  of  bacteria  in  the  MVP  by  biocides  is 
done  to  prevent  the  biodeterioration  of  the  MVF  and  to 
prevent  other  contamination  problems  caused  by  the 
microorganisms  (table  2).  The  level  in  the  bloreactors  is 
expected  to  be  higher  because  it  is  in  the  bioreactors  that 
the  bacteria  are  responsible  for  the  biodegradation  of 
industrial  waste  water. 

The  bacteria  isolated  and  identified  from  the  samples 
showed  to  be  Acinetobacter  species  and  Pseudomonas  species. 

Pseudomonads  are  one  of  the  most  group  of  important 
organisms  found  in  MVF  C43.  The  PASCO  ID  Tri-Panels  were 
used  to  identify  the  microorganisms,  however  it  was  not 
always  possible  match  an  organisms’  name  to  the  biotype 
number . 

The  results  from  the  tests  performed  on  Acinetobacter 

Iwoff i  showed  that  this  organisms  displayed  only  slight 
differences  in  the  pH  and  the  biocide  tests.  The  ratio  of 
the  MIC/recommended  efficacy  level  was  approximately  the 
same  for  the  three  biocides.  The  test  in  the  mineral  base 
medium  showed  that  Acinetobacter  lwoffl  isolated  from 

Location  B  (MVF  from  the  south  side)  was  able  to  grow  in 
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this  medium  whereas  none  of  the  other  Acinetobacter  Iwoffi 
tested  showed  this  growth  in  the  11  days. 

The  pH  tests  showed  that  most  of  the  organisms  isolated 
grew  in  a  pH  range  of  6  to  8  while  some  grew  at  pH  9.  The 
pH  tests  dealing  with  bioreactor  sand  showed  that  if  the 
microorganisms  were  left  in  natural  environment,  they  could 
survive  in  an  environment  with  a  much  lower  pH.  One 
microorganism  isolated  from  the  sand  at  pH  4.5  was  to  able 
to  grow  at  pH  4.5.  This  microorganism  was  not  identified  at 
the  time. 

The  results  of  the  biocide  tests  on  other  bacteria 
demonstrated  the  variance  that  one  would  have  liked  to  see 

Acinetobacter  Iwoffi.  it  must  be  remembered  that  these 
bacteria  were  all  different  and  from  different  locations. 

The  data  from  these  bacteria  were  not  as  complete  as  the 
ones  obtained  from  the  Acinetobacter  Iwoffi  thus  no 
conclusion  could  be  drawn.  If  they  had  been  isolated  each 
location  than  one  would  have  had  data  to  compare  the 
results.  Based  on  the  MIC/recommended  efficacy  dose,  one 
could  say  that  the  bacteria  in  Table  17  can  tolerate  a 
higher  level  of  ’’Biocide  B”  than  "Biocide  C"  as  indicate^  in 
Tables  18  and  19.  Thus  indicating  that  Biocide  C  might  be  a 
stronger  inhibitor  than  Biocide  B. 

The  mineral  base  medium  test  indicated  that  some 
microorganisms  could  grow  in  this  medium  while  other  could 
not.  The  growth  of  the  bacteria  in  this  medium  was  not 
depent  upon  the  location  the  it  was  isolated  from.  The 
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results  indicated  that  it  was  based  upon  the  type  of 
microorganisms.  After  three  weeks  in  the  mineral  base 
medium  and  “Biocide  B" ,  there  was  no  apparent  growth  in  any 
of  the  flasks.  To  determine  if  the  bacteria  survived, 
plates  counts  were  done  on  them  (Table  21 >.  The  results 
from  these  counts  showed  that  the  bacteria  had  a  harder  time 
surviving  in  this  environment  than  the  two  environment 
separately.  This  environment  might  be  to  stressful  for  the 
organisms,  even  though  they  did  survive  in  low  numbers,  to 
reproduce. 


Appendix  1 


PASCO  MIC  PANELS.  MlC/10  PANELS. 
BREAKPOINT/ID  PANEL  »nd  ID  TRI-PANEL 
torus*  In  ANTIMICROBIAL  SUSCEPTIBILITY  TESTING  ind 
IDENTIFICATION  ol  GRAM-NEGATIVE  MICROORGANISMS 

HTINMOUH 

PASCO  MIC  P*N?LS  I  t  used  10  Quartoiatardiy  to*  *  **»0  0* 

mrCfOP'gafwtms  «o  a  Miff  d  #m,m<roe*4t  agani*  Th#  p<  n< toto  o*  m#  c:*svtai  erorh  toMon 
PNHhou  i#  wttoaad  ip  or  *rm*toth*m*wnumtorut).>c»y  conc*nt>*TQ*MMiC>oi*acna«»riMCtoUi* 
agent  that  w<*  atoiO-t  *4<to#  growth  Ct  an  ito*el>OuS  organ  »rn  m  *i»*o  1  "  7*  *  *  Tha  pro- 

C*Ou>*s  d*S0 »*#«  hr**  a*e  Caved  on  current  recommendation*  o*  th#  atonal  Comm*** 
lo»  OmcjJ  Laboratory  Sianca'a*  (NCCiS) n 

Th*  MiC  GRAM- NEGATIVE  PANEL  coma**  ant-m<ro©.Ai  concanrrat-on*  us*d  o "hardy  io  »« 
gr*m-n*galnr*  orgAr"*m*,  «h*raa*  toes*  c©nia-n*d  -n  in*  M>C  GRAM  ROS»Tivt  PANEL  »« 
gan*r**y  mad  io  >w*  gram-post**  »gan4m*  ThaRES'STLNT  3  panel  saidioHMw 
gramposipv*  oi  gra-'-nagat™*  organ.sm*  with  amim.ciobiai  ag*r*t  et  *©#<•'<  *a*resi- 
Th*  PASCO  WaniAcaton  System  ut*m  anopomi/ao  test  mi  <*  30  Boche-**'  wMiam  and 
nor mal< tad  MoWood  as  tna  tuiu<ai  oasr*  lor  .dentii<a?-on  o<  in*  iam.hr  ffl*r*oc*c*rr  xaea 
and  #ih*»  a*rob*c  yam-negat**  bac*  *  *  Th*a*  sets  oi  bocnamica1  subti'vet  a »a  used 

m  a*  10  TRi- PANEL  io  Mo*  id*ntif<aiion  d  thra*  organ, v^l  s*muftan*<v*,y  •h*r*a%  to* 
PASCO  MICX)  GRAM  NEGATIVE  PANEL  and  BREAKPOlNT/lO  GRAM  NEGATIVE  PAf*L 
eont am  on*  sat  o»  b»ocn#m<ai  suoat'aia*  along  *».m  aniim<roo.ai  agama  w  AJtn*-N  and  flna 
m,n#  to*  an»»micro£.a'  s«*c*ptto*<ty  oi  g'*m-n*gat-v*  bao*  Although  in#  B^EAKPONTflO 
GRAM  NEGATIVE  PANEL  toPy  OUuHS  amwaon  9*ntam<,n  and  lOOramy;^  to  tac-Mai*  tow** 
doting  oi  mas*  drugs  and  to*r*0y  dec-ass*  m*  ns#  to  to*  pat-am  o»  naphrocoicty  and  c*c*ov 
c.n  ou a  »o  n*cn  ***urr  tr<«<*  th*  majority  o*  to#  arn-m<iot>iA'  agent*  art  mcNdad  m  an 
a&orav*a«ad«C"nf  oM»oanom*taconcanuaionsro  anon  tosi-ng  o'  add- i-onaiani.m.cTOd^N 

•  ha«b##n.noiC4t#d  by  NCClS  that  uoonws.ngtnaae-Oranaiadiormaigana  s  i«admat>*a 
toraoonadMaiitai><aras«jR()a  totcMt-Ba  moot'A!**y  suscapt  Biaor  tot-stant)  no-auar.  ma 
MiC  may  atoo  t>a  raportad  <*  dat-ad  •’* 

PMNCIM.CS  OP  TMf  PRQCEOURE 

Th»  MC  »a»»  can#*  comam  ant-wcrobiai  agents  o*v, tad  to  ao©'oo''aMi  last  concpnifanop*  tor 
Cood  amj  son  iiU-*»  macix>«»  as  •*«  a*  thosa  agants  *oac'»>caMy  a><j«caiad  to»  c*r  wrna'y 
trad  .niact>ona  M  racomm*ndad  By  NCCLS  n  tna  d  uaN  to»  amwmcroouM  dJwwms  >s 
MwaJtor  Mm»n  &K>n  iwoo*amam«d  nan  ca*c<«m  and  magras  ■  *m  io  «rvtad  cPywnogc  torn 
Ai«o  aa  racomm«ndaa  sodnimcNor<ic,saddadK>inaoroindiiL*aniusadtormaouc*ncon- 
or»»«ion»  on  mp  G'anvM**iva  Pan*.  Tn<  hypanomc  tyom  d*uam  annancas  oawcMn  ol  mow 
o»aoft<n->t*t*rar*  <y  mam<dUA  .-*s,«am  raonyioccocc  imRSai  n 

Tha  t  <ocnam>car  t  j^V'aras  and  raagams  usad  .n  m«  PASCO  idanii(<aion  Sysiam  to*  batao 
on  co^Yantronai  ***2  a  to«m»;iai*5ns 1  ,nu  f*»an*>  »avp n  oi  ma  30  tasts  amptoyad  at  usad 
to  rdam.  iy  eodasa  nagaraa  organ.sms  amj  a  sacono  27-iasi  suosat  \  usad  »  toamrS  mciM 
povi'v*  orga-'  Sms  Sgao'-c  pa^ormanca  pnncicm  tor  aacn  suowraia  i>«  pre-dad  batow 

CAPBOnT'ORATf  u’-lCatiON  Ut-i  ta'-cnoima  soac  '-c  ca*conyd,ata  rasuits  n  acd  torma- 
i-on  Tn#  s^rsarva^  pH  oroc  >t  dataciao  By  B*om  tnyrrv^  o*ua  -ndKawy  «rv<n  cNnqti  aom 
^aantoya-c* 

«NOOLt  inoo^  oroducad  awn  m*  o»aa«do*rn  o' trwognan  Dy  irytPcci'anasa  r*ac*a*mpa'A 
^m^tnyiam.nooanta danyoa |Ro*acs  «aa9ami» produce  a p-n*  to -ad-cdorad comps** 
Tryptophan  0€ * ViNASE  a>do*a  py»uv.c  ac<3  lymadBy  iBaoi»dai-*aoa>mrnaaonoiaYp. 
topnan  prpdkx.fi  a  r*dd»n-oro«m  cotor  **  ma  prasanca  o'  »ar.<  ^ 

CSCUUN  Hydro1  yssc^av;' -an  rasuitt-nmatormat on  o*asc maim  and  gkxosa  CK»aaancorrv 
b.n*s  Witt*  to»r<  ons  10  produca  a  B'O****  cotorad  comptoi 

VOGES  PROSKAUCR  Acaio-n .  prodwead  "om  soo^rm  py'uvata  combmat  oaaima  and 

•  pna-napr-c,  «  y*  a^ahna  oh  to  product  a  rao  co*o* 

a«G  NiNf  LYb'NC  ORNtTHiNE  AnaarooK  caiaoca-vn ol  pg-nna  y**na  anp  o»™trw» rrsmts 
m  to*  mat  ay*  o*  *•*  corrtsoond-ng  pave  a  mm*  *n<N  «  dr*:tad  e,  t>rom  crasoi  pu-oa  rdcaw 
UREA  Nydfo-^stao'uraaBy  Piaantyma  uraas*»as-itt  .n  tormaion  O' ammoma  Tr*a  suOM 
duam  pH  >•$*  *  oranac  p,  Bren  rnymoi  em*  md-carn-  w**<n  cntngrs  N>m  g-n-  id  oma 
GLUCOSE  fERMENTa^iON  fa*mamaron  at  gixosa  rasun»  m  productKy  oi  ac-oc  ra 
produrs  Tnasubs*duampHdtnctawaciadBvBror*mvf*oit).^*indcaat  wn<ncnangrs>om 

gr#p"  it  ya-ioto 

C*;pG  Hyd*o*ys-s  o*  o*tt*o-n*tropn*r>yV §-gaiadOf*yrar ^s<da  lONPG)  By  Bau  gatodostoaaa 
>*  casas  va'tow  ormo- nmooranp*  from  m*  corortoss  ONPG 

CEtRiMiOE  Raa  sta»Ka  to  cai'-m-o*  *  o*monstra*ad  By  g-emm  «*  Broin  moctomantod  wan 
cry^»  mam-d  amm  y*.um  bromma 


Matanato  A* ******  fe*  n*4  Ms*  <U 

Sra-n  Haad  »*  .»  c*i  «rom  03 
OSram  w-»n  %**-  *0'  I?  5  m  tat# 

MiC  B-ood  S-00  «  *nt  H  5  m:  tuOa 
Fto«*V>»  .  "AS*  i2  3  mi  iwo* 
Pia**d  cult-**  m*c  • 

Mm*faid>  n**»i 
Oi-dasa  r*aga*‘  iKovacs ) 
moo**  raaga*1  iAeacii 
K >10*  .  *a«*-t  c^dnc*  TOATrsti 
*0*.  potass  »m  nyo*i»-da  tVR  lasit 
3*»  MpN  nasvno*  |VP  Vst) 
or ;  suRan  - 1  aod  (N*»aia  Vm> 

0ts»  N  H-z  mrr*yi-i-r*apntf*ytoi*tona 
<N*ra*»  Tas  , 

Z*<  Mi  iN  t'ata  tost) 

CHeTraCod*'1' 

Pasco  B*o*ypa  Coot  boo* 

MAyis'aa;  x  -tcot<j  pai-am  r»w*» 
M«CnD  Oua-1 1 1  Assuranca  VAxsanaai 
to  racoro  an  jranca  orgamam  r*wR% 
tooculai.ng  tocos  0001  *m 
fraatar  ?0*C  0>  tow**  (noncyctmg) 
Fraatar  -70^  w**an  aoacrftod 
Inc  utoar -on  st»^s 

tncuoator  35*iaC.  iNrrtMdtoA.  apmCO/i 


Rues  Vr*w 

Ptwe  Co**-  "Pays  ito»  wsa  as  vat» 

Paaco  O-vtosABH  »noc«#ta»o*  S«: 

tor  MC  »"d  MiCTO  pan#** 

Pascc  0  Krtsacra  mocwtaw  S*i 
lor  D  TRr-PANCIS 
Mda«m>aa* 

iaC'-C-ntfator"  pr  Suntan  Bwm** 

7i  pi  ptoana  o*  pcattor  w.m  sh-h  t-ps 
SpacttopNxomator 
(tor  tur>c>ty  stand*,  d  toeBrngu#) 
MeFanand  ttanda*d  *03 
(tor  lurt-drty  Standard  lacBn-QM*! 

Patwm  MIC  Rapod  Form 
Ouatoy  asw'anct  orgamsms 
AcwtotoMcwr  topr  A7CC  *  ttOO? 
l«wo6acirctoacaa  ATCC’  «30»i 
EscnarcmacoAATCC1  7397? 
(scAanc*a  co*  ATCC'  3S21B 
AJ*Ojj*n*  oiyfoca  ATCC '  OON 
Prototd  «**0R1  ATCC’  7007 

P»*uOomonaj  #*rrupmo*a  ATCC'  77833 
fttoOnwcrai  aarvgmoM  ATCC*  *30M 
SMpnytococcws  awraut  ACTCC  29713 
Sttoorococcus  toaca*s  ATCC  79712 


AlCC  ans  A**-*anS**C«awwCoa».man  w*yt**t  rnmyrua  T*«a  Am»<ar>  Np* CuNra 
Comci  a-  0-«+  -»  m/m  e»tanim>a^  or  —.ms  M  A<CC  tmow 


PERFORMING  IRC  AND  ID  TESTING 

Thawing  tray*  Ramcna  "aadad  pana.s  Pom  Baam  aotagt  Ramoa  areas*  »n  hom  ma  bag 
pi  ffmam.ng  p*na<<  prompPy  rasaM  and  nrivan  to  th*  Paata*  P»aca  •  ciaan  amply  cova*  tray 
an  toe  ol  earn  pan**  and  **ow  ma  p*n*«s  *o  to  room  tampa*aivKa  batora  mocutat-ng 

(appro* .matt',  KnM*si  Oontnaitow  lftap*n*is to ramamai room lamparaigra  tonga*  than 
7  hears  Bato*a  -nocutaitoP 

toocuhum  praparatian:  Th*  racommandao  procadurtt  tor  mocutom  srandwO-zaiton  art  Ihe 
Sta* -mary  Pnaaa  iKhmou*  and  maVBtoMy  Standard  Tachmoua 

tSMianar;  Phata  TBchmawa 

ThaBtetr  a1  suspant-on  n  atowad  to  g»ow  to  «N  stat«ona->  phav  toAowad  ttv  a  simpi*  on* 
«»*pB^A'onicm*o*Nr#dconc*nt»»t«n.asd*»ato*3ByBa'^atai ;  Satoct  g*ow«n  hom  3  to 
rsda'an  as  on  •  R-m*ry  doiaron  agar  pm  and  pr«pa>*  a  sAghtiy  I.  -M  susotnsron  -n 
05  ml  01  Bra  n  •»***•.  Hyvow  <8HI|  BrOtR  and  mCvBato  al  35*  1*C  lD»  44  hour*  Th.»  w.M  r*s«N 
mapo*o».mat*',  HJ»CF(jm.i  Pp*»23  »iol  1*4 M‘arwyphas**ut0tn*on<nto a sertw capped 
tut*  coma  i**5  i?s-m  0«Jur*  w/Tw**n  10  Upon  Wnai  (Huron  m  m#  oan*i.  tna  Bactar-ar 
•uspanston  *  o*  apprga-maiary  KJ  CFOmi 

Vbrdtty  itandard  tochnrgu* 

Aimougn  m*  noc^Aim  tor  most  orgamsms  can  ba  cons,smn»:y  wnda'd-ratf  by  th*  tiai-cna'y 
pn#s#  -a-rj:  a  mo*a  *ahd*'0iiac  mocutumcan  ba  acn-*v*d  to»  stow** -grow  *-g  organtsms 
By  adyuP-ng'-Ttwr^deyOf  *  *u»-Wl<,nci#!ri*  organ****  »o  m*(  Ola  Mcf#rt*nd  Standard  *05  11 

Tna  Susoa^von  ca*  Bt  p-tpan  C  *rom  a  Bom  Cuffwr*  hOw*y*'  Currant  NCCLS  rtcomm*r> 
dar-ons  vat*  ma-  raviiam  staonyiotocc-  cane*  ban*'  oatactad  »  nan  m*  mocuium  n  prtpartd 
hom  an  agar  cat*  ‘  Th  %  a«#ci  mocuto**  trenmoua  a^aws  raco*a»>  oi  a  mor*  '*pr***m*i-v* 
numoar  &  m*  stow**-grow*ng  oaae-*m-ft  vsta**  st*a  n*  mat  **a  ptasam  m  smart  numo*»»  *n  a 
n*»#f oganout  c  urt  .>/#  along  wah  ouerm-  susc*t*.ow  wki  Pano*m  tfa*  pr ooadurt  as  toUowS 
R^pamm*moeofcjmwo-,gfowmo»*24-houici4*u»aon#gr  9*n»i*»organdm*homm*»g*f 
Dtom  to  BHi  c*o:fc  to  y-ato  a  tu^PPty  rq-  vamm  it  a  MeFanane  sund**-j  #0 5  w«#n  wsmg  spec 
*dpnea>m*n  'toNWiy  or  wsu a  con-pan*,  n  Tn.%  •  aeon* ■*****■>  rO*  CFU^'  F%jr0?5 
m-o*tTv*  vandt'drad  susoanpon  mto  *  sc-arKappao  two*  coma  n-ng  17  3  m*  0-i-ant  w/Tw*ao 
IO1  man  •  iC  t.m*t  to  m.«  Uobn  '-n*.  o-kAO'*  m  rr*  pan*«  lh*  tao*-*'  tu*p*ns,on  w-.i  t* 
app*c«-m*^-f  ’C  CFUrmr  (Th*  P-ompt  mocuU*-c-  SyV*~  m*nutac‘ur*d  py  M  nn*sora  M.n- 
mg  and  Man  .'*C»u*.ng  Cc  J3M]  has  B**"  tound  to  5*  r*r.*Cl*  *n  y  a'3  -g  'f  p-oduC  BN  d-'*Ct  m 
•Cu'gm  'Hj  T  7  Cw*SwT  m*  JM  pKUgr  -ns*ti  to*  «unh*.  •n*orm*y,on  > 

FattiRawa  Qig**  warns 

NCClS  Cu'*#“*'Y*#comnmnd»m*Vt>dat  Sianoato  tothrugu*  dasenbad  aoov*  torp**oa*a 
hen  or  m*  rnoiu'um  o*  lastd-Out  sto*a»  gnm- ng  ergantsms  Th*  tubsaouani  d-iut-on  or  m* 
orgr%am  sus p*  ■*t<m  shouto  b*  pmp«r*d  n  17  3  mr  0*  m*  app>opr«m  s-opmm*ntai  d-tuant  >  • 
Ha*nxph.^s  F  -os  w-vGh  wm PA6A «wn<h»uopiwi  *  and  V g>ow*.  'actors-  j-a  st-aprococc' 
AHCbtoods-tr  *m*mi'ys*dhor*#Btoodr  Upon-notuia'ion  oasc’-baoB-ato*  to  nor  <ncuba*a 
CO,  un^t»  n*f  <>'s*fy  io*  fowl*  »o*  r  tYpunat-on  ol  *<»ro*am#,'ts  io»  oma*  r»si  <wij* 
organ  s-**  r*to-  to  ma  nCClS  oocu-mm 


MALONATE  CITRATE  utPzai-onQic<irat*orm*tonaiaasa»o'*ca<oontOv'<ca>a«uPi  'ntha 
to'mat.on  o'  PA*»  n*  #nd  products  nh-c*  chA^gr  D*om  thyme*  0*u*  md<ato*  hpm  /it*  10  (Mu* 
NiTRATt  R*duCt«on  o«  hitrat#  10  h-lt.i*  >s  datactad  Oy  iha  add-iion  eiNN- 
flimpmyl  t-rvap^lhr  imma  and  »o»t*n«i.c  ac-d  Wh<h  co—O.n*  w*tt.  na***  to  to»m  a  r*»<Oto*ad 
comoeu-d  Com.»**a  toduetton  0*  **'*1*  to  M"nom  or  ntrogan  gas  may  Ba  oesa-rad  m  soma 
h*»-i*-n*SAtn(*to*<'  c**s  and -»  con*trm#<j  oy  m*  adqu-onoi  r  -<  dust  *m<h  daiacis  m*  pasane* 
9»  uheaduca-J  « t»*'a 

3fPHAiCfTH«N  CC.iSTtN  AANAMYCIN  PtNOu'N  TCBRAMyON  Ravsiane* to spaofa 
cp-t  am* at .o-s  oimnsa  ant-m<-ob>#»  tgato  •*  damonvramd  o>  growth  m  Mua'W  n-non  o»o<h 
coma.n  ng  ma*#  ly-s 

T*  *  pamps  a*a  *•&.'*-  >*•«+*•< fy  aba*  pr*p**#i*  m  ana  #*a  smpbad  »  ma  cvuom**  a«  m*  ersn- 
rf'-m’  *•6/*'  m.;-ott**to*mai  Thay  mus*0»  »tr-*:  a*  ?0*C  O'  todr-  n  I  norytr-j  "HIP 
T#vpa'-a'sa*a manager <k  tousa  -nocwaiad » '►  'n*  >*** organ, *m  -ncuoataj  ’*to?0hours 
and obsa*«a3  to* »  *  B*  growm  or  coto*  changes  as  nasc'toad  aoo*a  >c  daiarm.na  r*  #i*rv 
H  -at  on  o'  rh*  j-gan  «m  Th*  ow*s*  concaH'*i<  •  0'  *acn  ant«m<ioe  at  agenr  w.m  no  appr  -**a 
*r*'Ba  growth  elm#  >*r  0r9an.tr-  ,*  «#cc>dad  as  m#  mhonory  conc#n»»a»tor  iMC) 

tapr*ss*d  -n  m<-og'#ms  p*t  m<u<nt**  l.gmi) 

REAGENTS 

Ra*a*  to  Tati*  3  to*  c^*am  udermaton  *aga-dmg  m*  comams  01  aacn  mdwdua*  pan* 
PRECAUTIONS 

Ranan  a*#  *0*  m  v  **o  GagnosK  Uta 

Pbsa'-r*  asapt-c  tathnou**  and  **iar''*n*d  praeauttons  aga  -it  mto'oo  otog<a  hazards 
lhrowgnou»  aa  proraduias  Smea  rfsxu'a'aa  DanaN  m#,  co*  <a-n  potoni-ahy  pamogan-c 
organ,*ms  an  mai*-^'S  snouto  0*  amociatad  p»to*  to  d-soosa' 

Rtocauttons  tor  ate**  o*  m*  aubatrai*  *##g*nrs  *•#  p-o»>dao  on  m*  raspaci-ra  -tag am  tab** 


Tray  m*cwi*t>on  a h*»  m*  proper  Ak/ton  a  prapnao  th*  baoanat  susorsHen  s  dspansao 
-nto  m*  mocw'um  »**y 

l  &<*nrm*pan*  so  mat  m*<ab*Ang  may  ba  read,  ptacmgih*  color  toodad  tt*r<i.N  w*«Ntowa«d 

m*  usa* 

7  Pos#<jrm*moeu4*to*iotoaiihanusingamwiaoa«th*tow#r»ig*a  TNa  or<a*aa«<on  aaawraa 
tha*  m*  n*gam«*  control  w*A  wH  mjl  Ba  -nocu'atod 

3  Ram^amamocLAatorhommamooMPhrayanogamrypourthawwarrwMdbactaraJiuararv 
ion  u*%  m*  nocu'um  hay  preknd-ng  to*  *spa»sai  throughout  lh*  ch*rm#r*  o*  lh*  tray  R  m»> 
b*  nacassa’y  ic  ■  r  »h*  t*m  shgh»y  hom  horn  n  bac»  to  antur*  «tp*>sat 

4  Ganr*y  tow  m*  nocutoc-  ttoa<m3ihachanw«rscitha*tocuiu-n  nay  anda»nw  atifpstoNi 
By  cap"a*>  *ct«n  taro  n*cassF*y  w  aooN  pr*nu*#to  tn>  pa*to»tha  mocu'ato* 

3  L-hrnamocu'ator  ta  r-ng  cam  noi  to  touch  Pars)*  andto<i**aintoih*mM:rotL.b#soithapanai 
Whan  -to: -‘a*  ng  m*  10  TRi  PANEL  MA#  tar*  to  p-aca  Th*  #»ctut*tor  with  -  th*  j*ei>ons 
C*‘>n*#H3  C’N  panH  O*#***?0  ng  w  d  mo*  utatavg  a  S*CtiOn  «,U  C*u»*  *'»On*OuS 
»• = uT*  *n-  m*  tars  •  !♦  na«*  to  Ba  *ap*a»d  P»oo**  ahgnmom  at  ps  jiap  s  moi»  aaBty  ac  • 
cc  mpfctn*3  By  hoidmg  m*  mocuiato*  at  th*  aunt's  *"Th  lh*  thu*-B  *hc  Lj-ahTg*! .  ^  «*ch 
hand  Th*  3k:moculwmw#M*ant«rtoPw«*iHByca0iaa*yact<dn  Th*  1  70  f.m«l  o-M.nn  pi 
Ihamocutum  suspension  rasuhtm  a  m<fotuba  cdhr*nrrthono**pp»B*-mat*ly  t0:  CFi^mt 
•  Raturr-mamocuia*ortoih*mocMt^n»oyand»sooa*o»Boih  along  w»m  other  comammatad 

m*i»r^if 

Rurdy  and  « atony  taunt  swbcvftunng  utmg  a  COO’  m«  (t  j\  loop  m  »  th*  contents  gt  tty* 
pos  t-»a  g*on*n<  o-i-oi  wt*1  and  tube  jfjr»  from  a  on*:  a  surtawa  pifad  m*d-um  Th*  'fiufl-ng 
colony  count  »Tul3ba  appro* -htoMy  ’OGeddn**  K  a  Ihiiao  cutty**  4  d*t*ei*d  th*  M»c  and 

C  »r  ratuhs  <-«  -mw'uj 

batN-iyawtrUys  U*  ng  a  d*ooo**  Bor*  0**n#y  maOF'G  ARC  LYS  ORN  anp  U«f  w*#s 
w*r  J  cc:  1  0*  h*a*>  n*-gm  m»n*«a'  P»  Th*s*  wa- 1  a*#  unoaH-nad  on  lh*  pan* 

•NMbatian  strip  R4caanmcu©at-onshtoo»4iih#Bocha'h<aiponicnoMh*pa'*»  »a»ingca»a 
not  10  cca*  ma  adacam  *m  m<fOdai  w**s 


STORAGE 

P8n*t*  to*  d*r  *a*a c  hot*n  and  myti  B*  stored  *t  ?0*C  o»  cold**  m  a  noncycvng  kNia  7&C 
4  spec  '-*d  to*  c**ia.n  ann-mcroB-ai  agams  :S*e  Taei#  3 1  C*.c*  mawad  a  pan*i  must  a*  used 
within  7 hpyrs o»  0  scatoad  Rapaaiad  ttaanng  and  tn*wmg may  ratoie#  ai.'umooBP  rnrancy 

PROOUCT  DC  TIPI  ORATION 

Oo  hoi  usa  panaH  ma»  show  *^nso<C*n»ansn*lion  mawmg  Cjrmg  shorn***  OMhai  tol  to  pre- 
wda  prop**  raaciams  o*  andPtoNs  w4h  th*  ouN-iy  #*suranc*org»ivsm**Kusa#d  baton  Wn*« 
ho* ad  aa  *acommt"d*d  ih*  »nt,m<ro>ai*  a*to  o<Kh*m<*i  sutoH-oas  wd  roam  torn*  pot*ncy 
*nr*  m*  funad  asp  arpnda** 

SRtCNfEN  COLLECTION  A  NO  PREPARATION 

Cop**.-  ipaeim#"*  and  ptoc*  on  primary  weiM-on  madia  »eco»Rng  to  normal  toewratory 
pracua  """T-N*  usmg  lh*  G»am  Nagat-to  toe  *a  »*  op  on  Syvam  conhrm  that  m*  /vxa«a  * 
r*mn*gat,va  »nc  *****  mm*  .4  e-das#  to  act  to*  b#to*s  procaadmg 

moctDuw  46 

Mafenafs  Provided 

F't.’fn  51'f 


incitoaiton  P-act  a  o**n  empty  co»a*  a«y  on  each  nocuraiad  pan*i  and  unde* 

hum.-  h»:  cy  S  ,’On*«70-*G.lm  J5  :  1*C  tor  to  ?(  how**  m  anon^O,  -hCutaiO'  (unwssCO, 
4to:u'a3'r-mag,owmoia»a«''dtouso^ih4n5  N#ft  necessary  to  stack  ih*pan**t  do  so 
on,  -0*n.«so',«aO'  toss  totnSu«*#tonlh#rmatOSI*'butiO«  Avwcd4lurt>«ngtn#p'acam*ni 
O'lhatncubr  ?n  S-’r<POnaachoan*iwh#*add>ngacOs*ahavorduringsisc«in-  Ah#T  removing 
pan*  y  *-0-  in*  incuba’d  fih*r  ttm  toamtoaqu-AB'aialo  room  lemperalgr#  B*»o*f  toadmg 
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a*'0coctirano^n^ni*»ocoecat«r*o*ococe'  m*d*fgn*t.Oto  moo*  «*->  SutcaptiCI*'  nxtoai 
W#  need  *)»  h.  je  doa*  p*»M*n  v  antoK.ikn  tor  andocaroin  and  wool  rfwa»-»*  i  ttut  ntov- 
ton*  mat  itiat  r*ow'*  (aa»ay*  **m«n>*cococc-)conto'n*q  *  tb  *n  anvnogiycovda  (g*n- 

toHM.ni  to*  .mp-o««tifftorap*u(cr**oonM  and  bacto>«tia<  action  Sv^gy  ryxan 

or  p#fM*n  *-3  ammog^otto*  *t  b*»t  pra<act*ti  tor  *n»*»OCO<C'  by  Kf****ng  to*  *M«C*p- 
Itoraty  to  $00  O'  2003  »gM 01  gtntantacn  or  ?000  i.yiW  0*  «t«aotomyc<n  “ 

OUAifTY  AISUKINCf  TttTVfO 

ftOVTMt  OUAUTV  AtWAANCC 

1  An*gat.<oe9ntfo(«*a>«p>oind*tiontacnpan*t  Ktm«*« •*?«<*» gro*m  ^*>«»>toabaan 

comam.nat«3  and  muai  p*  rotfma 

3  A  pOMr*o  (P«»  control  «*fl  i  prowKtoti  on  t*C*  paM  to  d*nnon*l'a»*  gr^Mfi  tyOtoal  Of  Vto 
to« organ- vn*Mh*i*«m*i>um»tff«Maniintcroo.*linC<jnrOn  l» m*r*  *  no growtom 9m 

»*«  tna  i***  mw*t  tt*  topaatad 

1  Ai  f*com»n*n3ati  by  to*  WXl3  convmtto*  n  Ouairty  aa<u*anc*  o*  to*  int-torcnjtMf  ag*r*a 
COnta<n*C  n  to*  panto  4  D**(  don*  «*»ng  t^Jcto «ntt  0»  R'-'***n<*  Su*-ni  H  *11  p>*vtouVy 
t*CetorT*ai3»3totoOai**t.nge»p*rto*madd*^y  N»*.«-  baits  on  p*o»*n  raoroduCbAty 
of tndtom-1  a"3  ey*f*h  gooo  panormanca  o*  in*  m.c'oo  iuion  «n*tooo  <*:#**  rtcomman- 
da* -on*  by  •»**  Co“*g*  of  Antanean  A»inoto9*to»  iCAPi  ano  o»n*«y"-  mo:at*  toat  «**«iy 
toto-ng  n  ;**n  proyvjrftg  mat  aach  n*»  hoi  Of  p*n*<*  t  'at  1*3 

IA§t£  t  l  y»  — ♦  f*comm*no*a  A#*a»*r<*  St'  a-n*  atong  #"!*•  to*  k:WI>*  anooowt  argw 
tfto*mc3a  •'•:po*n«  aanytryngotoa*  i»anmto-rang*  it  <•>»  b*  h«i*s  A  <w'j« .  toto 
*n  *,'Oto  c»**!  i  O'  2  3<vactoa  •ndpo-nt*  can  0*  ac,'-*»*<;  *?»  *ac*.  »nt  m<c*oo  a'  «n«n  uamg 
acomcxn*' :-  a'toao'ja-vwnsHtod  Rtor  toto*MCOO»^**»  Asau-a-v*  «»»*•  to»  aaunv 
ma-y  of  fV*'*->:a  Sr*r>«  '#co>n<-*nd*ti  tor  aacb  *o*c  »<  panto  Tn*  NCClS  «*»nwn*nd*d 
A*'*ranc*S-a-''»na*ab**nuwti»n*n#v*'po*irfa*  a^o  tn*  rot» \t  -<  ><d*3  an  n  agra*- 
to*nt  Htto  NCClS  p«N«n*<J  antiOOtot  >tng*«  unto**  oto*n»tor  *to**3 
a  T*8lE  2  ii***  tn*  acctpuoto  r**Mi»*  tor  Oua'-ty  A*a«.'*nca  organi*n*  to*  aacn  otocfwnMat 
•wbairata 

S  Cctony  ce-toi  and  Ctotwto  purity  *#»Ou?r  ba  cftacaad  tor  aacn  .«ota'*  lOutWd  « 
PAOCED‘j*f  Aop*o«<matoty  tOOcoton***  tnouto  o»  atturing  ra-tovto-’an-*1 

0*  tn*  <n3e_  _»  At*o  if  a  mlfoc  cudwr*  if  dar*o*ti  ma  tost  i«/j  *nou*s  not  b*  tooonad 
A  0-a*it  /  a**  . -anc*  t**f  a»g  o' to#  tO  potoon  ot  m*  MiCtO  p  maunov,  3  d#  pa-tom^ti  .nm  aac  n 
na*  tct  o'  ?•#,»  ana  on  a  toguto*  baa*  -n  accorcaic#  witn  m-nou**  <b»a'  ty  aittsanc* 
prccaC-"** 

MAHVAACTUNiA  OUMJTV  AlSUftAMCt 

Ucr  >ot  of  tat*  paato  manutociurati  mu*»  m**«  gu*My  at  Mirr  t'-tto  a  tor  e*  Nam  trom 
Mrto*  ng to. a  t  c*  ncwgiti-ii  rv>p#^orm#«ca ***.ng  mto  Ouav.  assuranc*  organHm* 

Pf  to*  MtC  a-ar.'-nto  tor  totortnca  *fra.n»  art  *MIW*  toa  r*^gai  wad  0-  TA8tf  t  and  if  to# 

B«cn#*n<*.-*»r  on»to»orgarH*n»#g*#a*.tomo*#Mtodon  T*Bt.€2  a'to'fto'oifareritorto 

ar*  at: *war «  tn*  to:  of  par^t*  *  con^da'ao  ta»  *iacior>  tor  o-w^ut-on  it  tn*r*  ato  my  da- 
trtoi-on*  f.oto  »"#  abova  ctdarto  in#  tot  %  noi  d*rr-out#d 

mafonmanci  CNAiucrcnisTics 

l»a‘uat.o-*c* na »«i pdnat m*Mxjoo»ogy  «nti-ca:»  toa*icc«*to#a-xt top' xJuc-Ototoiuito  com- 

pa'ibtotoMa'f  -r«caStand*'dM*toodt  can  o*  oota^ad  x  ^Os-ngra  «•*♦•*  to  p*u*  »n*nua 
an*  j  uw  i:  >*pra**nf  Wt  agr*am*nt  tosi  r«,urt,  -nti-cat*  ’n#**  *  a  W  ;  a^aa-tont  to 
toa  Pa*co  S.ita-n  »  rr  Aato'tnc*  Ur*^xt  to*  m#  to»»o**^g  a-t-Mrotta**  ctotnaaon# 
cafiai^rn#  i-'jtac-totarwUM  ac>d  ato©*e#.^fuio#ciato  a^tonocAto  ctprtotoaaon. 
*"totnato  a**:*  :*rctonto:a*utan«  ac<ti  a-x>NS*i  agraaMt#nt  to  ta*:  **Wto  tor  citmui 
to  an  jit  to?  cf-nca*  ma-m  •#*•  taswti  u*.ngtn#  §p|  akp^nT'  O  GAAM-NCGArivf 

PANEL  andt*  *  f.'C GAAl/-*ff GATtvl  AAN€l  andpo-n-. raiutt*  •#■«  co^parati  wn*-*d**:' 
con*;  ar-SO^t  C*  '.ttCl  **•*  potto*  a  *lt  tound  toat  toa  M<C*  »#**  «a-rt<al  to  *.:•*.-)  *4 
accotoar *  v ;» to  toua-to-toirtua on* button  to*  a* anti# -c-jcva'i  Aod’a*' :  >  ft  tor# 
IN*  -**  «ao  to**,:'Ca'  "Mp»r'«ra  catago'"#*  r-  a  kwrp  sa  'noda'a'#'*  *u*c*to-t>*  o> 
tan*  O’  toa  ra-»*-n«ng  f5*  no  *naO’  <HCrap*ne>**  *#<•  nr.ta-j  A  -nt*rto*-  «a  d  Vlpncv 
•0*-3bacnny  jto*dOnaH*r*cn  tn* B«CAaao*tfT,.OGAA*A  NEGA’»vt  PAbCl  i*nty*>»f 
I  *->t*c:  3  *  cafagy r  a**o  :r*a compaofor  dt-ioni'-a:#^  a  'tyrant  ca*«gc'yt 
tota*  f“d •■•!•«  abO'atory raproducto  ''fy  a*  na*1  a*  toa  pot*rt\  to  *ac*>  f-i*m .  -no  •<  »  #%**n 
iito  .  cn#c**j  «ns  *#'•'♦0  m."  nna  in#  M>C  raiunt  to*  Qua  ty  ***  tound  to  o* 

agu  vatont «;  *-13*#  r*-.0H«mang»3b>  NCClS  r  0*,*'to'*,  o^  to  a*  '■•<•00  at  <>3**  topotrv 
cy)  aouto  '#».•'  m  tndpcntta  at  n-gna*  concantra:.?"*  man  acraptara  »aiua*  1  w* 

to  a  «^y  r***:*m*3  B.  to*  Cantar*  tor  Otriu  Conno*  iCGCl  dmt-Ha*  yr  'a*wft»  anamad 
ga-njtoaPAJCC  idar*  f<a»«n  $*•#"!  «*r#  compa'td  n-m  :no*ao»*  n*s  u*  '■gcr-Naryora* 
to-xn*m<a  •* :  aaryog-ca' tocnnraua*  0»m#53Bcui*u'#*togian»  nag*  *aeac"  w^ang 
lyyra  ansa  .3;#  r'i.nstoA'mam*-*  an«  nofM*'-'*~,a*t  to#  PASCO  ?fT**n  -danMiad tn# 
mo’/commc-  ,  •'to..nt#'*3e»g*,v*m*  at  itiV  or  ban**  accyacy  «r*  ••yj-d*nt  '  *tiM  tou 
t»ao-a^ity  ** : ;  -■'■*•*0  •«#•>•■  and  nonfarmantmg  orga*«<vn»  »t  a"  ac:*pun>*  i#.ci  ioa'-r»- 
At *  of  tot  -*'*3ua-'.  a"cOu«#raJ  <»tla**  pOS-l-*a  toma^'  ^  ygan  tnry  Ml 

acofpuw*  A  A  nat'i.  I>.  »v#l 

AHa*#taf<  T'  toaPi«  oiocn#rvcafidani*f«ca!or  P**c#nr  cna/»i  to  *«p*cit;to*-in  •**>♦* 
Ndita  nr;i  .a  and  oidaw  pot.m-a  ygarvam*  utctodad  m  ma  d**a  baia 

L  MM ‘TAT  ION  f  OF  THf  PffOCtOUAI 


»  Af.totoa»ac*i**t.nd*  GUtOCt#ft5TCTHCusrOF  V>C**ra  riionato-ndair-toaungat# 

#ug  to f'c:#a»3 dosage  <ou*  rndtraqua^y  o*  ac-  -..fra- a-  h a**.*-  m*w«a.. 
Mray  o*  (,■  I'*  Af*c  and  toa  rtlwAmg  cf*mcm#rac,  ntjii  b*  0a:r"n.^3  by  p*  aw-Vlng 
pr»y*  v<#'  na-  ng  tnotoaoga  to  toa  matocai  n  »»or>  an<j  fpac>f<  "a#3f  to  t*a  pa*am  r*  pn«. 
macoA-n#'  ;t  to  to*  to*g  #r*i  prttnoua  nw*-<«  ■r  ir*ar>ng  ay*  H*o-ng  yga-M* 
f  Tn*  nM’Od-'u'ion  pan*f  *  'Mommandati  tor  u<  datann to  fayoi.  ay*  ^  aarobd 
rg#nA^»  enfy 

9  Aavstam  rr*.n»to  J  A>MproAM  F  iaot^tsa  andtoattti-ngtooarMP-nmatoadtomt- 
^c*r.  n  or*V'*d  ^n<*f«m  g  aNstod  ba  w**d  to  tar  m#  su«c»to<B  '-t»  to  a*  *atoty*xoco 
to  a*  ptoKii'  ''ti* mum*  patM*  n*  wen  a»  #-c*<a  •  artooin  bacanxM^t 

Nracdm  c#*5#n«e*n  manoct  •»  topa  acAmandtrei'c  n  AafJ'*ynalr«cbaAdcn*3to 
toAno*rna**«y,p#n*'.ton  to pn«».attwc^tuy  <y.,r3n#ca'*.  •, tosutcatoO"*  Atstoop  toa 
to'pan.c'.nasanaga'.atiaonytcaocci  Ap*n,:*i.r,MiC  c*  jOCJ.g"*  uiua- .  <nx*as  *<* 
to  »  ia*:tJ-a**  toodutop'-  an;  m»C»  of  tOrSMg1*  m:u  3  e*  co*'T')*'*c  tovtunt 


auctoy'^coccr  »af*  met  Bar— »n  toasa  «afu*i  may  y  m«)  not  product  to*  #n*ym# 
Latora-tototanoutdpa^ymanMducad  J  -**cu--n#s*  ta«  on  toa**  mn  mas#  MC 1  E«c#'p» 
Bom  NCClS  M7AS?* 

«  Uaaoftoanypa^oracB^tod>M-na4Cto*«:i«'ntoWatorarm*tfyo0toinocutur<npr*p«rai>on 
Ttoomma'vaaolordatac^ontomaaMmnraftotoaaatoNtoctico.  S  au*»ui»i'*^**»hOt-ng 
lati»3W3"tr  to  on*  0*  i«m  parucmmaiMNSA]  mua:  B*  'tpenas  at 

raatsianMo  capntootporayf  mdotoa*  nawar  rf-lactamtfuefiatamo»>«ww:ta*uiAnrc  aod. 
ampctorvWoact»<n.  gotoanam  andbcarc*mci#vuf*n<aod  ragardtottto  .*># to «toro ta* 
ratwftt  Mamoton-rttotoant.  caagutatamagatw*  Szatovtococcwt  *p  »f*o  «oh-  nef  to  fat- 
pond  waff  to  to***  drugs  Out  tarn r  data  am  tmutut  than  mm  MRSA  n 
S  invamgatnr*  atwtoas  of  to*  «t  «mo  actrvay  to  catamandofa  against  £nr*ro oac»'  ip  hay* 
•atnonsif  at*s  1  i>gn  traouancy  to  m*»*tanf  v*r*r*t  mto  broth  co*ur*»  of  to#*#  tpaoat  tug- 
•aaimg  torn  chamototoapy  mm  cafamtoidto*  thotod  be  avtouaiad  carafuay  whan  comparad 
mto  omar  caphaioaoonna  to  aa*r  anhmoototo  agants  * 

•  Pleat#  r*fa»  to  M7-A-S?  to*  toafanaraiMfCWarprautma  Standard*  o' TnraaCatagorras  to 
SutcapNtoMy  and  no*a  m*  NCClS  Aaconunandad  traarpratm*  Cattgonat  tor  aacn  an- 
ferTMrototoagantipaofictoCtoumtog*i*tmt.twcftaaS  im*uaI  monocytoganaa  fl  cm*'- 
toa*t.  Haamopnaui  sp*c>*a  rc 

7  lnia*Nanca  totoaabBraviaiada«*mcicBuMconctoaitotontormto>/t*dmtoaBWgAKPOfNT/tO 
GRAM-NEGATIVE  PANEL.  NCClS  suggests  that  m  lam  m  when  tout  or  toaar  consacuitv# 
ooncar*ratonsarataatodto«nuhchtou«y  more  rcntionaacutrva  cone amrit -on*  arc  tasted. 
«  •  atonaabt*  to  lapod  a  ouaNamm  ratuit  <•  a .  auacepMAe.  mooatattoy  twtcapiM  or  rasrs- 
torai  but  to*  me  may  atoo  ba  tag oma.  *  daamwi  ** 

MXMCMiCAl  IBMTUfCfl 

1  T**idtnM*ca<<on  pomon  to  tf»  Pasco  MtCnO  pan**  ««*andad  tor  us#  t*  a  to*Qoost>c  md 
m  to*  toanfif<jhon  to  aarotoc.  franvnagatnm  bao*  SmcammonranatiOnamong  uraintto 
to*  tan>a  spacos  may  occur  Mnamayb*ancOsM*r*dtor«fMhacoo<  ngrrtoaronoi  tou'4 
mtoaBotyoaCodaboon  Comantoy  du*  totoactoaafafatadnaMtov«rou*tpaci*sof  gram- 
nagatrva  baod.  toraMs  may  baaneoumarati  tor  wfwcn  mor*  than  on*  toantiMa;  end  pot*,  wa 
tobotototoaaaeatancaa.  >ddionaitoochanMaHastiog.a>wa*a»cuHurai*ndmypnofogicto 
eharacitoitNca.  an»»m<roB>to  tuacap'Otoy  panam.  spaewnan  toutt  clncto  mdreator s  and 
a*rotog<«  tasang  may  b*  mawwod  «  oroar  la  confcrm  to*  idtniit<a«<on  to  to*  «ot*t 
Approto^Ato  ratomneat  abb.  3  b*  conatotad  tor  fuitoar  mformatton  ,,J  mav 
9  StoOtoycai  tytang  «  mcon  mnd*ti  as  confwm«ory  last  mg  to*  an  presumptive  Bru c*A* 
S**non**a  ShgaM  and  Wno  cnytoa*  r«sai** 

9  Although  to*  otocnarmeaf  raactons  used  m  m*  mc/K>  panafs  a'*  based  on  convtndonto 
matoa.  a  compma  corrafanon  tor  «n  tupairatat  dots  no  n«  mtuff<-#ni  y  profongad  rv 
c ubabon  may  tasuN  m  toiaa  nagMnr*  or  fata*  poarfno  raaufto. 

A  Ctir^miarproiafiontotoatoacnanMtoraacBonfraguaasaapardncammmaPBScoMtOiO 
•ytoam  RaatoonAtoauBBamadundtotoaipacifNdtgramgcondaonauamgtoaPiacoVma 
Boa. 

S  S»Am«Bomsomatot*tomora<aaidtouStoSfomgrqwwnqganarami,baancouniaraqwfMh 
pom  poorly  m  aom*  0 no*  toochamcd  subairaws  Thas*  mactona  a'*  tatam  cwo  account 
m  m*  reaction  pa'camag**  ty  m*s#  orgamsm* 
t  Heavy  r^gmm.na«a»oa  ■*  racommanoae  torus*  at  toa  bocham<aiov*naymP»acoMiOlO 
pan*H  ligr>ta«  wrmgmo^thay*  bean  tnownktaftoct  to*  sans  inty  to  tom*  twbitrat*  rate- 
tons  and  thoufd  not  ba  ut#d 

?  Tbansuraprooa'taactions  conactpfKamanitomaincjbahonSi'ipitaaNamafyimportani 
Th«s  it  aspactoty  tgrv«rv  »n*n  stacking  pan*i*  try  mcutaiion 
I  feantwraprooatVPraaeicmt  raagmstnouidc*  addao  <nto«  yqr  spec  tod  Fars*-n*g*i.»# 
raactons  may  occur  mm  soma  spacot  if  to*  alpha  naptohto  •*  aodao  tosi 
9  Vmtoagroaihmay  nofo*ooia^*dinansuOiirat*«».Thth*haiophwi.viya>s  Thas*  raactons 
ar*  cons  dtotd  nagoi-ua  rtspc'sM  and  am  taton  me  accoimi  m  to#  dar  'eahon  to  tots  goup 
to  organism* 

MFfRCNCf  • 

1  toad  C  Twornsas"!  araA«rHaft>«H*n  »s*3  MAmwamra  «*m>c>oMiMtw 

•"ikkry  •iwtua>an«ito«'-'am«B>-(iP>m»anawia>am:'n«cmum«twnaa-»aim'«v«wm  j  c»m 
Naim o«  t7  4V>A«T 

ItanyAl  *  Ga^a  mol  Q  Ttu^  ifO  An  mamma  *ng»toN  momaatoNafngaoarrtoaKtuacsto 

NWi  to  r*  <s  pamoam  Am  .  c-r  tot  t}«n  IS* 

>  cr»i  oua  1  A  •«>  turn  »ao"  amr»»  intlNMy  way  onocy  o»  +*  optwexm 

w  a^rorc  to  N<nm»  1'  KP  to* 

«  D-hoiwoa-ir.v  \  ‘S*4  d:  Vi-j.  ty*>wa  Otocjrsvrxas  Om»i 
t  bvoms*  h  A-aO*  i-a*'t  NM  Cj^m-o^aw^ra»M,A-«inoorto<aK-Bra*na'a  aa-tor-rf y 
J  (ton  ktotoca  to  3js 

A  Imoun  G  M  4-«ac  Mom»'-ng  J»  I*a3  .Arn  m t aynaga* ***•***.’<**  conanaww » -« 
mtiaty  N.  "  0-1  I  n:  113 

t  ffm«w  j  j  MFai  Ev.  ■■*•••*»-  A  u.tSfyru  G  *  toirnwrCan*-  N  *  tot^-*  C  A-tid-w 

NG  v.4m#r  Gar,  C  (>44  <JA  »m--g  »G  Nru1  Cv  Dn#.4  O*  Ne-»  1  *•  *^"'4naOJ 
to'*  US  ••o.to-vc4  <*r--*Laj*;'t»u*owtas*-<!i>of^a4  0'«"votA:w*:#w*-*n»4»ai-tm 
munmt-rntr  j  M-mn-v  114*3* 

•  'rto  cn  ruj  jc  $>•»•*  »*>  lmrra-'y j rmm4c» w trimrm  r>am»iny«mi 
la-nsym-i*  *r»  -»<fa  •*»-»  Cto-«*a»  t  S^or* 

•  «>a>tr  *•  0  • -r»  J  Mt:nr,wv  •••">»■  »n  Co-^>«m»  m4.«iww  ow<~to«m-  «r  Worn 

Am  J  C*i  tow  SC  J**  405 

N  Garnn  Tk  r.'V  •  tow-  tot*  a  k-w-j^  ram  to  mw  mh*  c  n,  wr^a  rr»a.iw 
•act  Ptor  S3  IK  MS 

n  rj*-*.-  |  -  4  j  WmII  l4^"*n  tots  ttoromcA-mr  oranat^fif-^ 

rwruya-m-iir'  » 4 »-jr *0*? •«  a-  .•  O-n  hr-  VUSTsc 
’I  0-a*  Oi  NA4  W**:4i  r-  V  wucow  >w>  ir|tr»'jd-4*  "nrwm  r  C»*  V  :'00-0 
l”S«! 

»1  Owe  Ol  toa«  torm*c4to**»ucW'i*nto"«'««^rr»-n»g* "«»**'  Or  Nc-sNa*  Ni.wtn 
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ABSTRACT 


CHARACTERIZATION  OF  BACTERIA  FOUND  IN  METAL- WORK I NG  FLUIDS 
AND  THE  WASTE  TREATMENT  SYSTEM  INVOLVED  IN  DEGRADATION  OF 

WASTE  WATER 

by 

TERR IE  SUE  MAKARA 
May,  1991 

Advisor:  Harold  W.  Rossmoore 

Major:  Biological  Sciences 

Degree:  Masters  of  Science 

This  paper  contains  Information  concerning  the  microbial 
populations  In  Metal-working  Fluids  and  the  waste  treatment 
system  that  degrades  the  waste  water.  The  microorganisms 
were  Isolated  and  Identified  and  then  various  chemical  tests 
were  performed  on  them  to  determine  the  effects  it  had  the 
microorganisms.  These  tests  included  changing  the  pH  of  the 
environment,  determining  the  biocide  MIC,  and  changing  the 
carbon  source  in  the  environment.  These  results  were  then 
analyslzed  to  see  if  microorganisms  of  the  same  species  but 
from  different  location  showed  any  resistant  to  the  tests. 
Based  on  the  results  obtained  on  Aclnetobacter  lwoffi.  the 
location  of  this  bacterium  did  not  Influence  the  results. 
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